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SUMMARY 

A 1-kW (1.33 hp) single-cylinder free piston Stirling engine was in- 
stalled and tested in the Lewis laboratory. The engine was designed and 
built as a research engine with a built-in dashpot loading device. Tests 
were conducted with two different displacers; one designed for optimum effi- 
ciency, the other for optimum power. Engine performance was also tested 
with two regenerators with two different porosities. 

A detailed description of the engine, the instrumentation, the test 
facilities, and the data system is provided. 

This report presents test results plotted as curves of indicated and 
brake power as a function of power piston stroke, with helium as the working 
fluid. In addition, engine efficiency is tabulated. The engine was easy to 
start, operated very reliably, and almost noiselessly. 

When the engine was operated for its acceptance test by the manufac- 
turer, it achieved a power output of 1.1 kW (1.96 hp). During the Lewis 
test operation, no more than 1 kW (1.33 hp) could be achieved, even with a 
redesigned displacer which, in accordance with the manufacturer's engine 
simulator model, should have produced 1.4 kW (1.86 hp). Despite diligent 
investigations of numerous possible causes, without any known changes on the 
engine or its instrumentation system, the difference in peak output capabil- 
ity could not be explained. 

In conclusion, the engine performance measurements were found by cross 
checks to be consistent and valid, although no reason for the low engine 
performance was found. The data are, however, being published in an effort 
to fill the void of free piston Stirling engine data available to Stirling 
engine investigators. The report also describes the tests performed for 
these investigations. 


INTRODUCTION 

A free piston Stirling engine designed for research purposes was ob- 
tained in 1979 for testing as part of the NASA Stirling engine technology 
program at Lewis. The engine, model RE-1000, was designed to optimize en- 
gine efficiency at a power output level of 1 kW within the constraints of an 
existing heater head design. Being a research engine, no usable form of 
power output was required; thus, a dashpot to absorb the power generated was 
built into the pressure vessel of the engine. Instrumentation ports at key 
locations were built into the engine for pressure and temperature measure- 
ments of the working fluid. 

Some features that made the RE-1000 suitable to be a research engine 
were the electric resistance heater head, the easy accessibility of areas 
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for key instrumentation, the quick teardown times possible due to the sim- 
plicity of design, and the built-in dashpot load device. 

A test matrix was devised to map the engine over a range of heater tube 
metal temperatures, mean operating pressures, cooling water inlet temper- 
atures, and piston strokes with both helium and hydrogen as the working 
fluid. 

The objective of the test program was to characterize the performance 
of a free piston Stirling engine, to compare test results with the manu- 
facturer's predictions, and to investigate the influence of various design 
parameters on engine performance. The engine was operated with helium as 
the work ing fluid. 

This report covers the engine design, including dimensions and critical 
clearances and materials; it describes the instrumentation employed, the 
test facility, and the data system used to record and reduce the test 
resu 1 ts . 

The test data are presented as plots of indicated and brake power as a 
function of power piston stroke. 


APPARATUS AND TEST PROCEDURE 
RE-1000 Engine 

Background and description . - The RE-1000 engine, as recently tested at 
Lewis, is shown in figure 1; a cutaway drawing is shown in figure 2. (The 
engine was designed and fabricated at Sunpower Inc., Athens, Ohio.) The 
engine was built to be dynamically similar to one built for the solar energy 
program at the jet propulsion laboratory (JPL) (refs. 1 and 2). The engine 
was optimized for maximum efficiency with a helium working fluid at 7 MPa 
(1015 psi) mean operating pressure, a heater tube metal temperature of 
600* C (1112* F), an engine frequency of 30 Hz, and a power piston stroke of 
2.54 cm (1.00 in.). The design optimization was, however, constrained by 
the use of a previously designed heater and regenerator assembly. 
Consequently, the performance of the engine does not represent the best 
possible overall efficiency for a free piston Stirling engine at the design 
temperature, pressure, and stroke. 

The RE-1000 is a single-cylinder free piston Stirling engine with a 
posted displacer, annular regenerator and cooler, electric resistance heater 
head, and a dashpot load device built in the bounce space. The sliding sur- 
faces of the power piston, power piston cylinder, and displacer rod use 
chrome oxide for wear resistance. The working space is sealed from the 
bounce space by a nominal 0.033-mm (0.0013-in.) clearance gap between the 
chrome oxide outer surface of the power piston and the chrome oxide inner 
surface of the cylinder. Chrome oxide is also used on the outer surface of 
the displacer rod for wear resistance and for a minimum clearance seal be- 
tween the working space and the displacer gas spring. 

A second displacer and displacer rod were obtained from the manufac- 
turer for the RE-1000. After the engine was delivered and installed in the 
test cell, the second displacer and displacer rod were optimized for maximum 
power output within the constraints of the existing engine. The displacer 
and displacer rod optimized for high efficiency will be referred to as dis- 
placer and displacer rod 1, while the displacer and displacer rod optimized 
for maximum power output will be referred to as displacer and displacer rod 
2. The two displacers and rods are shown in figures 3 and 4, with cross 
sections of the two displacers shown in figures 5 and 6. 
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Engine parameters and dimensions are given in table I. Instrumentation 
used on the engine and the supporting systems is listed in table II. In- 
strumentation locations are shown in figures 7 to 9, with the numbers near 
the instrumentation locations referring to the items in table II. 

Heater and regenerator . - The RE-1000 heater head is shown in fig- 
ure ITT] The Heater unit has 34 tubes of Inconel 718 with an outside diameter 
of 3.175 mm (0.125 in.) and an inside diameter of 2.362 mm (0.093 in.). 

Each tube is 18.34 cm (7.220 in.) long. 

The 34 tubes are used to form an electric resistance heater. The cur- 
rent travels along two power tabs to a bus bar on the heater which connects 
the midpoints of 17 of the 34 tubes. The flow of current from the bus bar, 
through the tubes to the cylinder head area, generates heat. Heat is like- 
wise generated in the other 17 heater tubes as the current flows away from 
the head, through the tubes, to another bus bar and its power tabs, back to 
the electric power supply. The power supply units will be discussed later 
in the report. 

Each heater tube connects to the expansion space with the hot end of 
the regenerator. The regenerator volume is an annular gap between the out- 
side surface of the displacer cylinder wall and the inside surface of the 
gas-pressure containing wall which is filled with a knitted 304 stainless 
steel maxtrix produced by Metex Corp. of Edison, New Jersey. The matrix 
structure is much like a metallic rope with a square cross section. The 
design porosity of the regenerator was 76 percent. The regenerator matrix 
is shown in figure 11. 

Cooler . - The cooler unit (figs. 12 and 13) has an annular design. The 
gas flow path consists of 135 rectangular passages equally spaced around the 
displacer cylinder. Each channel is 0.508 mm (0.020 in.) wide, 3.76 mm 
(0.148 in.) deep, and 79.2 mm (3.118 in.) long. The cooling water flows 
through passages in the cooler housing parallel to the gas flow path. All 
components in the cooler assembly are aluminum, which enhances the heat 
transfer. The cylindrical gas-passage fin module is press fit into the 
cooler housing to insure high heat conduction. The stainless steel dis- 
placer cylinder requires a light press fit into the aluminum-finned unit. 

Displacer . - Figures 3 and 4 show both pairs of displacers and dis- 
placer rods. Each displacer contains its own gas spring. The cold end pro- 
vides mounts for the antirotation rod and displacer position measurement 
rod. The displacer position measurement rod extends into a linear voltage 
differential transformer (LVDT) built inside the power piston to measure the 
displacer position relative to the power piston position; this will be des- 
cribed in the section on instrumentation. The antirotation rod prevents the 
displacer from becoming rotationally misalined with respect to the power 
piston . 

The stainless steel displacer rods are also coated with chrome oxide 
for wear resistance. The rod is supported by the mounting spider located on 
one end of the rod. A small Rulon bushing is fit into one of the three legs 
of the spider to guide the displacer antirotation rod. A hardened stainless 
steel sleeve, into which the displacer rod fits, is located inside of the 
displacer (figs. 5 and 6). On the end of the sleeve an enclosed volume is 
attached to form a gas spring against which the displacer rebounds. Commun- 
ication of the working space with the displacer bounce space is prevented by 
the close fit of the sleeve in the displacer and the displacer rod. 

The displacer must also seal the expansion space from the compression 
space during engine operation. This is accomplished with a single molybde- 
num disulfide Impregnated Teflon ring with no backup ring to provide a pre- 
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load. The Teflon ring, shown in figures 3 and 4, has a cross section of 
3.00 mm (0.118 in.) by 2.82 mm (0.111 in.). 

The two displacers and rods differ slightly in design. Displacer and 
displacer rod 1 were designed to operate with a phase angle of 45 between 
the displacer and piston positions and to produce a displacer stroke equal 
to the piston stroke. The second displacer and displacer rod combination 
was designed to operate with a phase angle near 80*, but the displacer was 
to have a slightly greater stroke than the power piston. 

Displacer rod 1 was 1.663 cm (0.6548 in.) in diameter, while the bore 
of the displacer rod cylinder inside of the displacer was 1.666 cm (0.6558 
in.). The length of the seal gap along the displacer rod is 9.366 cm (3.688 
in.) at midstroke. Displacer rod 2 was 1.808 cm (0.7120 in.) in diameter, 
while the bore of the displacer rod cylinder inside of the displacer was 
1.811 cm (0.7130 in.). 

Displacer rod 2 was designed to permit the dynamic gas-pressure meas- 
urement in the small gas spring built inside of the displacer; figure 14 
shows how the displacer rod was fabricated to permit this measurement. The 
attenuation of the pressure signal caused by the passageways in the dis- 
placer rod is negligible, but a slight phase shift is produced. At the de- 
sign conditions of the engine, the phase shift produced is approximately 
0.5*. The analog data system has the capability to correct the phase shift 
before data reduction calculations are performed. 

Power piston . - The power piston is shown in figure 15 and can be seen 
inside of the engine in figure 16. The main body of the piston is made of 
aluminum with a chrome oxide coating for wear resistance, while the mass 
attached to the end is fabricated from carbon steel. During operation the 
power piston is kept from rotational movement by a stationary antirotation 
rod, which prevents misalinement of the piston position LVDT and piston 
velocity linear velocity transducer (LVT). A Rulon bushing in the carbon 
steel piston mass serves to minimize rod friction. 

Three protrusions are on the end of the power piston toward the com- 
pression space. These three sections extend through the spider to reduce 
dead volume when the power piston is at the inward end of its stroke. 

The power piston seals the bounce space from the working space with a 
clearance seal. Its cylinder is coated with chrome oxide, as is the surface 
of the power piston. The inside of the cylinder measures 57.21 mm 
(2.2524 in.), and the outside of the power piston measures 57.19 mm 
(2.2514 In.). The length of the surface which provides the seal is 152.5 mm 
(6.00 in.) at midstroke. 

The power piston In the RE-1000 weighs 6.2 kg (13.7 lb), which gives a 
mass ratio of 14.6:1 between the power piston and displacer 1. Since the 
power piston has a substantially greater mass than the displacer, the oper- 
ating frequency of the engine will be dictated by the power piston mass and 
the gas spring formed by helium working fluid in the working space; a forc- 
ing function is caused by the pressure fluctuation of the working fluid. 

The spring effect of the engine's bounce space on the power piston is negli- 
gible when compared with the spring effect of the working space on the power 
piston, since the volume of the bounce space is roughly 100 times greater 
than the volume of the working space. 

Centering port systems . - Since the free piston Stirling engine has no 
kinematic linkage to constrain the motions of the power piston or displacer, 
a system is required to insure that the midpoints of the strokes of the 
power piston and displacer remain at some fixed distance relative to each 
other, and that the piston and/or displacer does not drift, as the engine 
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runs, due to preferential leakage directions. In the RE-1000 a system of 
ports is used to locate the center of the power piston and displacer strokes. 

When the piston is at midstroke, a small port in the power piston is 
alined with a small port in the cylinder wall. These ports are connected to 
passages which allow the working space to communicate with the bounce space 
when the piston is at midstroke, so no pressure differential may exist. The 
centering port system for the power piston has been very effective and 
trouble free. 

The system for centering the displacer motion works in a similar man- 
ner, except the passage for the gas communication is slightly more complex. 
When the displacer is at the midpoint of its stroke, a port on the side of 
the displacer rod becomes alined with a port on the wall of the sleeve in- 
side of the displacer. When these two ports are alined, the small bounce 
space in the displacer can communicate with the large bounce space In the 
pressure vessel, which remains near the mean operating pressure of the en- 
gine throughout each cycle. The passage in the displacer rod extends 
through the center of the rod to the spider and continues out one leg of the 
spider through a stainless steel tube to the large bounce space. The ports, 
the passageway inside of the displacer, and the stainless steel tube which 
indexes into the spider can be seen in figure 2. 

The main bounce-space pressure swing is small, since it contains a 
large volume of gas. The change in volume of the bounce space is the power 
piston area times the power piston stroke (65.2 cm^ at design conditions). 
This is only 0.3 percent of the volume of the large bounce space, which is 
about 20 500 cm^ (1250 in^). 

Loading device . - One of the key features of the RE-1000 as a research 
engine is t he b u fit - i n power-absorbing device. The power is absorbed by a 
dashpot contained in the uppermost section of the bounce-space pressure ves- 
sel. fiie dashpot is shown in figures 2 and 16. The dashpot consists of a 
carbon piston in a stainless steel cylinder with the top end of the cylinder 
sealed by a plate with a tapered hole in the center. A tapered valve stem 
is operated by an electric motor to change the effective size of the hole. 

As the carbon piston moves into or out of the cylinder, it must pump gas in 
the engine's bounce space back and forth through the orifice in the plate. 

By adjusting the effective size of the orifice, the load on the engine is 
altered. The work expended in pumping the gas through the orifice is con- 
verted into heat, which is removed from the dashpot by cooling water cir- 
culated around the dashpot. 

A connecting rod transmits the force from the power piston of the en- 
gine to the carbon piston of the load device. A force transducer is built 
into the connecting rod. The force measurement is used to calculate the 
brake power output of the engine, as will be covered in the section on in- 
strumentation. 


Facility and System Description 

Figure 7 contains a schematic of the test cell support systems for the 
RE-1000. Systems shown include the gas pressurization system, dashpot and 
engine cooling water systems, and the electric power supply system for the 
heater head. 

The gas pressurization system has the capability to charge the engine 
with helium or hydrogen. The supply system charges and discharges the work- 
ing and bounce spaces through check valves (fig. 7). The flow of gas into 
and out of the engine is controlled by motorized needle valves on the supply 
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line and vent line. To start the engine, a pair of solenoid valves alter- 
nately connects the high-pressure supply line of the low-pressure vent line 
directly to the working space. A short-circuit valve connects the working 
space to the bounce space to stop the oscillation of the power piston in the 
event of an emergency. 

The dashpot cooling water system is used to remove the heat generated 
in the dashpot as it absorbs the power output of the engine. The water in- 
let temperature, outlet temperature, temperature difference, and flow rate 
are measured. The amount of heat gained by the cooling water is an approxi- 
mation of the engine power output, although it is generally higher than the 
actual power output of the engine. This discrepancy is caused by the low 
water inlet temperature, which permits heat absorption from other sources. 

The engine cooling water system is designed to control water inlet tem- 
perature. As in the dashpot cooling system, the inlet temperature, outlet 
temperature, temperature difference, and water flow rate are measured. The 
heat rejected by the cooler can therefore be calculated. 

The engine heater power supply system consists of two Sorensen electric 
power supplies connected in parallel. Each power supply unit has the capa- 
bility of delivering 1000 A at 20 V of direct current power. Due to the low 
electrical resistance in the heater head, the power supplies were connected 
in parallel to take advantage of the 2000-A capability. The two power sup- 
plies are regulated by an automatic controller which uses a thermocouple on 
one of the heater tubes for feedback. 

Instrumentation 

Figures 7 to 9 show the instrumentation on the RE-1000 and measurements 
made on the related support systems. All of the temperatures were read with 
type K (Chromel-Alumel ) thermocouples. Twelve heater tube temperatures 
were recorded for data use; their average was used to set the desired test 
conditions. Six of the heater-tube temperatures were measured at the 
quarter-length point toward the expansion space, while the other six temper- 
atures were measured at the quarter-length point toward the regenerator 
(fig. 9). Thermocouples were also installed on the outside surface of the 
regenerator wall to aid in the calculation of conduction losses. Locations 
of the regenerator wall thermocouples are also shown in figure 9. 

Dynamic pressure measurements are made both in the compression space 
and the bounce space. The measurement of dynamic compression space pressure 
is used to calculate indicated power, as will be described in another sec- 
tion. Dynamic pressure differentials across the cooler, regenerator, dis- 
placer, and power piston are also measured to aid in the analysis of 
flow-loss calcul ations . A complete list of measured parameters, along with 
a description and range, is given in table II. 

Displacer position, power piston position, and power piston velocity 
are also measured for data reduction purposes. The power piston position 
and velocity are measured directly by a LVDT and a LVT, respectively. The 
displacer position cannot be measured directly, since the displacer Is com- 
pletely enclosed in the working space with no kinematic linkage to the 
bounce space. The displacer position is actually measured relative to the 
piston position with the core of the LVDT attached to the displacer and the 
windings installed inside of the power piston. The excitation input signal 
to the LVDT and the relative displacer position output signal from the LVDT 
are carried along four small braided wires with Teflon insulation and sup- 
ported by a piece of music wire 0.254 mm (0.010 in.) in diameter. The four 
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instrumentation wires and the supporting music wire were encased by a braid- 
ed sheath with shrink tubing applied at each end to secure the assembly. 

The wire assembly installed in the engine, with the wire ends connected to 
terminal strips, can be seen in figure 16. This method was reliable for 
transmitting the relative displacer position signal from the moving power 
piston to a stationary support. Care was required, however, in clamping the 
ends of the music wire to minimize the stress put on the signal wires during 
operat ion. 

To obtain the absolute displacer position signal, the power piston po- 
sition signal and the displacer position relative to the power piston signal 
are used as inputs to an electronic circuit which subtracts the power piston 
position signal from the relative displacer position signal. The resulting 
output is the absolute displacer position signal, which is then used in the 
data recording and data reduction program. Electronic circuits located in 
the control room use the power piston and absolute displacer position sig- 
nals to calculate the piston and displacer strokes. These stroke values are 
displayed in the test cell's control room and are recorded by the data 
system. 

A crystal -type force transducer is mounted in the linkage connecting 
the power piston to the dashpot load device. Since the force transducer 
moves with the power piston, a system of flexing wires must be used to send 
the force transducer's output signal to the data system, as was done with 
the displacer position signal. This dynamic measurement of the resistance 
force applied to the power piston from the dashpot is used in electronic 
analog circuitry, along with the piston velocity signal, to calculate the 
brake power output using the equation 


brake power 


FV cos e 
2 


where 

F amplitude of the force signal 
V amplitude of the piston velocity signal 
e phase angle between F and V signals 

The indicated power output of the engine is calculated in a similar manner 
to that used for the brake power output; the dynamic compression space pres- 
sure, alonq with the piston velocity, is used as an input to the electronic 
circuits. The dynamic compression space pressure is measured with a crystal 
type fast-response pressure transducer. The equation used is 

PA V cos 0 
indicated power - — P — — 


where 

P amplitude of the compression space signal 
Ap area of the power piston 
V amplitude of the piston velocity signal 
o phase angle between the P and V signals 

Both the brake power output and indicated power output calculations are dis- 
played in the control room and recorded by the data system. 

Two phase-angle meters were used to determine the phase relationships 
of key parameters. The phase angles were not recorded by the Escort system 
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for each data point; however, some phase relationships are reported in the 
resul ts. 


Data System 

Digital steady-state system (Escort) . - The data system used in the 
RE-1000 free piston Stirling engine test program is known as the Escort sys- 
tem. The escort system is a minicomputer-based digital data recording and 
display system intended for steady-state use. The sampling rate of approx- 
imately 5000 samples/sec permits the use of multiple scans, which are aver- 
aged for each data point recorded. The free piston Stirling engine data 
system uses five scans of data recorded over a 15-sec period. Calculations 
are performed to indicate the statistical variation of each channel recorded 
over the total number of scans. 

The Escort system has the capability to perform conversions from milli- 
volt signals to engineering units and to display the values on selected 
light-emitting diodes (LED) and preprogrammed cathode ray tube (CRT) dis- 
plays. The LED's can be seen on the control panel in figure 17 along with 
the CRT displays overhead. The Escort system can perform online calcula- 
tions of the steady-state parameters and display the calculations on the 
continually updated LED's or CRT's. A listing of the calculated parameters 
is given in table III. Printouts of any of the CRT displays can be obtained 
from a printer located in the control room. The Escort system terminal and 
the printer can be seen in figure 17. The Escort system can also perform 
limit checking. When predetermined limits are exceeded, the system can give 
a warning or initiate a preprogrammed sequence of events. Further infor- 
mation on the Escort system can be obtained from reference 3. 

Frequency-modulated (FM) system . - An analog data recording system is 
utilized to record data involving the thermodynamics of the engine cycle. 

The data are recorded on a 14-track, high-speed FM tape recorder which has 
the capability to multiplex up to 150 channels of data. Several processing 
techniques are employed with the free piston Stirling engine data. 

For the free piston engine, 100 cycles of engine operation are used for 
the data reduction program. The FM tape-recorded data is digitized at a 
rate of 254 points per cycle. The 100 cycles are then averaged to produce 
one typical engine cycle at the set operating conditions. From the digi- 
tized data, calculations may be performed on a digital computer and plots of 
a data channel versus time or one data channel versus another may be 
generated. 


Test Procedure 

Startup. - The RE-1000 engine installed in the test cell is shown in 
figure T. Before engine startup, a calibration of the pressure transducers 
was performed automatically by the Escort data system. The engine was then 
purged of air by alternate pressure-vent cycles of the working and bounce 
spaces. Next the engine was pressurized with helium to 5.5 MPa (800 psig). 
Cooling water flow rates were set for the engine and dashpot coolers. The 
electric power supplies were then turned on and the heater head was brought 
up to an average heater-tube temperature of 600* C (1112* F). 

With the dashpot-load control valve fully open, the piston and dis- 
placer were stroked with the starter system. As soon as the engine began to 
operate without the starter-system pressure pulses, an isolation valve was 
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closed, eliminating the starter from contributing to the dead volume of the 
working space. 

As the engine stabilized, the mean cycle pressure was brought up to 7 
MPa (1015 psig). After typically only 1 or 2 min of operation, all measured 
temperatures had reached steady state. (The short transient period is the 
result of low thermal insertion, including the absence of an oil lubrication 
system.) Data were taken with constant heater temperature, cooler temper- 
ature, and pressure and with the stroke of the power piston varied from 1.2 
cm (0.47 in.) to 3.0 cm (1.18 in.). The stroke of the power piston was 
varied by regulating the size of the remote-control needle valve orifice in 
the dashpot, which adjusted the resistance applied to the power piston 
motion . 

Data recording . - When the desired operating conditions of the engine 
were reached, the data recording process was initiated. Frequency-modulated 
data were recorded for 10 to 15 sec on the high-speed magnetic tape. These 
data are later processed by digital computer for the data reduction program. 
Five scans of the steady-state Escort system data were also recorded 
simultaneously with the FM data. If all measured parameters appeared rea- 
sonable, the engine was then set to attain the next data point. 


RESULTS AND DISCUSSION 

The testing of the RE-1000 free piston Stirling engine at Lewis veri- 
fied the engine to be very reliable. Most problems encountered during oper- 
ation were caused by the force transducer, the displacer LVDT, and their 
associated flexing wires. A failure would not prevent or degrade engine 
operation, but merely cause the loss of the signals to the data system. 

During the engine tests at Lewis, the RE-1000 produced only 70 to 80 
percent of the design power output. Figure 18 shows the computer predicted 
design brake-power output levels plotted as a function of power-piston 
stroke for four heater-head temperatures. Before delivery to Lewis, the 
engine operated at or better than the design points. Many areas of the en- 
gine were examined as potential causes of the poor engine performance; how- 
ever, the power output was not brought back to the design level achieved 
under the contract's acceptance test. 

At a given power-piston stroke, the displacer stroke would only be 80 
to 90 percent of its proper value # and the phase angle between the disglacer 
and the power piston was about 60*, instead of the design value of 45 . The 
pressure amplitude in the compression space was at a level also obtained 
during the acceptance test. Its phase angle, however, with respect to the 
power piston position, was only 10 to 12*, instead of the design phase angle 
of 20 to 25*. Data points for these tests are given in table IV. Escort 
points 177 to 187 give the data with the heater head at 550* C (1022* F) and 
Escort points 189 to 199 give the data with the heater head at 600* C 
(1112* F). Figures 19 and 20 show the brake power and indicated power for 
these data points. 

One possibility checked for the reduced power was leakage past the 
power piston. This leakage was checked by measuring the half life of the 
pressure in the working space, with the working space charged with helium to 
a pressure of approximately 5 MPa (725 psi). During the test the bounce- 
space pressure vessel was removed and the power piston was locked near mid- 
stroke. The helium supply line was shut off, and the time was measured for 
the working-space pressure to drop to 2.5 MPa (363 psi), one half of the 
initial pressure. 


9 



The time measured for the leakage was usually about 14 sec, which in- 
dicates an acceptable seal based upon past experience. The power-piston 
outside diameter and power-piston-cylinder inside diameter were measured and 
found to have experienced almost no wear since initial measurements when new. 

Displacer gas spring leakage was also investigated. This leakage was 
checked by measuring the displacer-rod outside diameter and the inside di- 
ameter of the bore in the displacer. Once again the wear was negligible, 
about 0.0003 cm (0.0001 in.) on the diameter. A fixture was made to pressure 
check the welded joints in the gas-spring volume inside of the displacer to 
test for leakage in the gas spring. The gas spring was pressurized to 0.75 
MPa (109 psi) with helium, but no leakage was detected. 

Damping of the displacer motion by the Teflon sealing ring around the 
displacer was also thought to be a possible source of the poor performance. 
Two new Teflon rings were made, one with the original design gap at the end 
of the ring and the other with about twice the design end gap. Both were 
tested in the engine, with no noticeable difference in overall performance 
between any of the three rings. As a further check, the engine was run 
without any ring on the displacer to seal the expansion space from the com- 
pression space. Although it was slightly difficult to start the engine and 
the efficiency was somewhat lower than usual, the engine power output was 
generally unchanged; therefore, excessive friction from the Teflon ring on 
the displacer was apparently not the cause of the reduced engine performance. 

At this point in testing, displacer and displacer rod 2, designed for 
power (rather than efficiency) optimization, were received from the engine 
builder. Their validated computer code indicated that the new displacer and 
displacer rod, when put in the engine, should produce about 1400 W, with a 
phase angle of about 80* between the power piston and displacer. Sunpower 
computer code predicted that with this configuration, the stroke of the dis- 
placer should exceed the stroke of the power piston instead of being equal, 
as in the first configuration. 

The new displacer was installed in the engine and tested. Under these 
conditions the engine was able to produce about 1000 W, not the 1400 W pre- 
dicted. ^The measured phase angle between the displacer and power piston was 
about 90*, and the displacer stroke was still shorter than the power piston 
stroke. At small power-piston strokes, about 1.7 cm (0.67 in.), the dis- 
placer stroke was almost 90 percent the length of the power-piston stroke; 
at longer power-piston strokes, about 2.7 cm (1.06 in.), the displacer 
stroke would only be about 76 percent the length of the power-piston stroke; 
the explanation for this is unknown. A plot of engine performance is given 
in figure 21 . 

Viscous damping caused by high flow losses in the heat exchangers was 
investigated next. A test plan was devised to make pressure-drop measure- 
ments through the heat exchangers. A flow-test fixture was designed and 
fabricated for use with nitrogen at elevated pressures. The test operation 
and instrumentation is described in the appendix. Results of the flow tests 
with the 1 39— g (0.31-lb) regenerator are given in figure 22. 

Although the flow tests did not Indicate an excessively high total 
pressure drop through the heat exchangers, the regenerator porosity was in- 
creased by reducing the mass of knitted wire installed in the regenerator in 
order to lower the total pressure drop and thereby observe the engine's sen- 
sitivity to pressure drop. The engine operates at a constant frequency of 
30 Hz, primarily dictated by the power-piston mass and working-space volume 
and pressure; the natural frequency of the displacer is in the range of 27 
to 29 Hz. Consequently, the displacer is being driven by the 30-Hz 
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working-space pressure wave slightly above its own natural frequency. When 
an object is being driven above its natural frequency and the damping of its 
motion is decreased, the amplitude of oscillation will increase and the 
phase angle between the driving force and the object in motion, represented 
by <f In figures 23 to 25, will increase (ref. 4). As can.be seen in 
figures 23 to 25, the driving force on the displacer is 180* out of phase 
from the working-space pressure wave and therefore, when the phase angle 
between the driving force and the displacer motion is increased, the phase 
angle between the power-piston motion and the displacer motion will de- 
crease. In figures 24 and 25, <p is between 0 and 90*, which could indi- 
cate that the natural frequency of displacer 2 is actually above the 30 Hz 
of the forcing function. Figure 23 shows the phase relationship of the en- 
gine operating as designed. Data taken during operation at these conditions 
before delivery to Lewis is given in table V. Phasor diagrams are also pre- 
sented for operation at Lewis with the 1 39— g regenerator (fig. 24), cor- 
responding to Escort data points 383 to 391, and for operation with the 99-g 
regenerator (fig. 25), corresponding to Escort data points 407 to 412. 

With the 99-g regenerator the displacer stroke became 87 percent of the 
power-piston stroke when operating at a power-piston stroke of about 1.7 cm 
(0.67 in.), and 73 percent at a power-piston stroke of about 2.7 cm (1.06 
in.). The important parameters are summarized as follows: 


Power-piston 

Displacer stroke as percentage of piston stroke 

stroke 




99-g (0.22-lb) 

139— g (0.31-lb) 


regenerator 

regenerator 

1.7 cm (0.67 in.) 

90 percent 

87 percent 

2.7 cm ( 1.06 in. ) 

76 percent 

73 percent 


The phase angle of the displacer with respect to the power piston was 
approximately 83*. The change in damping on the displacer motion, there- 
fore, tended to alter the displacer-position phase angle, but not the dis- 
placer amplitude. Engine performance with the 99-g (0.22-lb) regenerator is 
given in figure 26. Pressure drop data are given in figure 27. 

Throughout the testing at Lewis, the pressure swing in the compression 
space was always very near the design pressure swing, but its phase re- 
lationship with respect to the power piston position was not as designed. 

The indicated power equation used is linearly proportional to the sine of 
the compression-space pressure phase angle. (Note that the sine of the 
angle between the compression-space pressure and the power-piston position 
is equal to the cosine of the angle between the compression-space pressure 
and the power-piston velocity vector.) Since the compression-space pressure 
phase angle is generally low, any deviation from the design phase angle will 
have a substantial effect on the power produced. 

As a result of budgetary constraints, further diagnostic tests to fully 
determine why design power levels could not be attained during testing at 
Lewis were not run. Another area of interest that should be Investigated In 
future free piston testing Is the amount of work lost by hysteresis in the 
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gas springs. Displacer and displacer rod 2 were designed and instrumented 
to provide the necessary measurements. 

Under contract number NAS3-22230 a hydraulic output conversion for the 
RE-1000 engine has been designed by Foster-Miller Associates. A concept was 
selected using an annular metallic diaphragm to separate the engine 
working-space gas and the hydraulic fluid. As was the original design of 
the engine, this conversion is being designed with research capabilities in 
mind. 


CONCLUDING REMARKS 

During the test program at Lewis, the RE-1000 was found to possess all 
of the desirable qualities generally attributed to free piston Stirling en- 
gines. The engine operated at an extremely low noise level and with high 
reliability. The overall layout made the engine easy to work on and ideal 
for research. Complete tear down and reassembly took about half a day. 

One of the most valuable features of a free piston engine is the ab- 
sence of dynamic seals between the high-pressure working fluid and atmo- 
sphere. During operation very little loss of the working fluid was exper- 
ienced. In production a hermetically sealed engine would be used, and thus 
no leakage problems would exist. 

The fact that the engine operated consistently below design power 
levels after delivery to Lewis is cause for concern, as the engine did oper- 
ate at or better than design predictions while at the fabricator's shop. 

Many potential problem areas were investigated, but no cure for the low 
power output was found. 

The limited test program still provides some useful test data, along 
with engine parameters and characteristics, to help evaluate and understand 
a free piston Stirling engine operation. Data are given for the engine be- 
fore delivery to Lewis, for tests at Lewis with the original displacer and 
1 39— g (0.31-lb) regenerator, for the high-power displacer 2 and 139-g 
(0.31-lb) regenerator, and for the high-power displacer and 99-g (0.22-lb) 
regenerator. Complete flow-test data are given for the heat exchangers with 
both the 139-g (0.31-lb) and the 99-g (0.22-lb) regenerators. 
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APPENDIX 


Heat-Exchanger Flow Tests 

Steady-state flow tests were performed on the RE-1000 heater, regener- 
ator, and cooler for both the 1 39— g regenerator and the 99-g regenerator to 
determine the pressure-drop-versus-mass-f low-rate characteristics. The 
tests were run with nitrogen at mass flow rates that gave approximately the 
same Reynolds number as actually occur in the engine during operation. The 
inlet temperature of the nitrogen varied from 11.5* to 22.3* C (52.7* to 
72.1* F). 

The pressure drops were measured with the Validyne aP transducers 
mounted on the engine for use on the FM high-speed magnetic tape system. 

Both the cooler and regenerator pressure drops were measured directly; how- 
ever, the heater pressure drop was found by measuring the total heater-head 
pressure drop and subtracting the cooler and regenerator pressure drops. 

The tests were run by setting the inlet pressure to the expansion space 
at some constant pressure and regulating the outlet pressure from the com- 
pression space to adjust to the desired mass flow rate. The cooler and re- 
generator flow tests were done at an inlet pressure of 2070 kPa (300 psi); 
the heater test was done at 1380 kPa (200 psi). The mass flow rates were 
measured by venturi-type flow meters. Results of the flow tests are plotted 
in figures 22 and 27. 
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TABLE I. - DESCRIPTION OF GEOMETRY FOR 
RE-IOOO FREE PISTON STIRLING ENGINE 

DIMENSIONS AND PARAMETERS 


Number of cy 1 inders 

Type 

Working fluid 

Design frequency, Hz 

Design pressure, mPa 

Oesign power, W 

Design phase angle, deg 

Cylinder bore, cm (in.) 

Maximum displacer stroke, cm (in.) 

Maximum power piston stroke, cm (in.) . . . . 

Cooler 

description 

passage width, cm (in.) 

passage depth, cm (in.) 

length, cm (ip.) . 

f low area, crrr ( in^ ) 

wetted perimeter, cm (in.) 

volume, citt (in^) 

Heater 

description 

tube length, cm (in.) 

tube inside diameter, mm (in.) .... 

tube outside diameter, mm (in.) .... 

number of tubes 

design maximum wall temperature, *C (*F) 
Regenerator 

length containing wire mesh, cm (in.) . 

outside diameter cm (in.) 

inside diameter, cm (in.) 

MATRIX 

wire diameter, ym (in.) 

porosity, percent 

weight, g (lb) 

Pistons 

power piston mass, kg (lb) 

displacer mass, kg ( lb) 

piston diameter, cm (in.) 

displacer diameter, cm (in.) 

displacer rod diameter, cm (in.) . . . 

piston length, cm (in.) 

displacer length, cm (in.) 


1 

free piston with dashpot 

helium 

30 

7.0 

1000 

45 

.... 5.723 (2.2527) 

4.04 (1.591) 

4.20 (1.654) 


135 rectangular passages 
.... 0.0508 (0.020) 

0.376 0.148) 

7.92 (3.118) 

2.58 (0.400 

.... 115.2 ( 45.354) 

20.42 (1.246) 

7181 tubes 

tubular 

18.34 (7.220) 

2.362 (0.093) 

3.175 (0.125) 

34 

650 (1202) 

6.446 (2.538) 

7.18 (2.827) 

6.07 (2.390) 

304SS METEX 

88.9 (0.0035) 

75.9 

139 (0.31) 

6.2 (13.67) 

0.426 (0.94) 

.... 5.718 (2.2514) 

5.67 (2.232) 

1.663 (0.655) 

28.0 (11.024) 

15.19 (5.980) 
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TABLE I. - Concluded. 


Dead volumes 

expansion space to heater tube junction, cm 3 (in 3 ). 3.80 

heater tube to regenerator plenum junction, cm 3 Lin 3 ).. . . . 5.90 
regenerator plenum at hot end of regenerator, cm 3 (in 3 ) . . . 4.10 

regenerator plenum ring, cm 3 (in 3 ). ... 83 

displacer/cylinder annular ring, cm 3 (in 3 ) 10.06 

auxiliary instrument port (hot), cm 3 (in 3 ). ......... 1.56 

regenerator plenum at cold end of regenerator, cm 3 (in 3 ). . . 4.23 

regenerator plenum ring, cm 3 (in 3 ). . . . 83 

cooler plenum at compression space, cm 3 (in 3 ) 7.15 

cylinder ports, cm 3 (in 3 ) 1.21 

heater flange fittings, cm 3 (in 3 ) 3.41 

piston/spider clearance, cm 3 (in 3 ) 38.7 

annular ring around spider, cm 3 (in 3 ) 3.82 

UCDT core, cm 3 (in 3 ) . 79 

gas spring midport hardware, cm 3 (in 3 ) 8.31 

auxiliary Instrument ports (Regen/cooler), cm 3 (in 3 ) 93 

auxiliary instrument ports (compression), cm 3 (in 3 ) 3.15 

cooler, cm 3 (In 3 ) . 20.42 

regenerator, cm 3 (in 3 ) 49.42 

heater, cm 3 (in 3 ) 26.50 

Materials 


(0.23) 
( .36) 
( .25) 
( .05 
( .61) 
( - 10 ) 
( .26) 
.05 


.44 
( -07) 
( .21 
(2.36 
( .23) 
( .05) 
( .51 
( .06 
( .19) 
(1.23) 
(3.02) 
(1.62) 


heater head 

regenerator outer cylinder 316SS 

expansion space dome 316SS 

regenerator inner wall cylinder 304SS 

displacer 321SS 

cooler 6061-T6 A1 

cyl inder : 

power piston 6061-T6 A1 

with chrome 
oxide coating 

displacer 304SS 

with chrome 
oxide coating 

piston body 6061-T6 A1 

with chrome 
oxide coating 

Design clearances (diam) 

displacer rod/rod cylinder, pm (in.) 25.4 (0.0010) 

displacer body/displacer cylinder, pm (in.) 381.0 (0.015) 

power piston/piston cylinder, pm (in.) 33.0 (0.0013) 

Displacer gas spring 

design mean volume, cm 3 (in 3 ) 31.79 (1.94) 

piston diameter, cm (in.) 1.633 (0.65) 
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TABLE II. - RE-1000 INSTRUMENTATION 


1 1 cm 

Mnemon i c 

Parameter 

Range 



Instrument 

S 

S 

F 

M 


MEANCP 

Mean compression space pressure, MPa 

0 - 

00 

Strain 

gage transducer 

X 

X 

‘ ■ ■ 

MEANBP 

Mean bounce space pressure, MPa 





X 



PRESUP 

Oas supply pressure, MPa 





X 


■fl 

T01HTH 

Heater tube metal temp., *C 

400 

825 

Thermocouple 

X 

X 


T02HTR 

Heater tube metal temp., *C 





X 

X 


T03HTR 

Heater tube metal temp., *C 





X 

X 

7 

T04HTK 

Heater tube metal temp., °C 





X 

X 


TOSHTK 

Heater tube metal temp., °C 





X 



T06HTK 

Heater tube metal temp., °C 





X 



T07HTH 

Heater tube metal temp., *C 





X 


1 1 

T08HTR 

Heater tube metal temp., *C 





X 


1 2 

T091ITR 

Heater tube metal temp., *C 





X 


1 1 

T10HTR 

Heater tube metal temp., *C 





X 


14 

T 1 1 HTR 

Heater tube metal temp., °C 





X 


1 5 

T12HTK 

Heater tube metal temp., "C 





X 


16 

T01HED 

Head metal temp., *C 





X 


1 7 

T 1 3REC 

Regenerator-vert . profile, *C 





X 


18 

T14REC 

Regenerator-vert . profile, °C 





X 


IV 

T 1 5 H E C 

Regenerator circumferential profile, °C 

250 

- 825 



X 


70 

T16RE0 

Regenerator circumferential profile, °C 





X 


2 1 

T 1 7REC 

Regenerator circumferential profile, °C 





X 


7? 

TIBKKC; 

Regenerator circumferential profile, "C 





X 


21 

T 1 VHEC 

Regenerator vertical profile, "C 

20 

- 250 



X 


74 

TCBOUN 

Bounce space gas temp., °C 

20 

- 80 



X 


2 5 

TOO IMP 

Compression space gas temp., °C 

20 

250 



X 

X 

:u 

TUHKCC 

Regenerator - cooler gas temp., °C 

20 - 

250 



X 


: i 

TCREUH 

Regenerator - heater gas temp., °C 

250 

82 5 



X 


2 8 

TOE XP 

Expansion space gas temp., °C 

250 - 

825 



X 

X 

7 V 

TW1NDP 

Dashpot cooling water inlet temp., °C 

10 

- 70 



X 

X 

10 

TDl.DP 

Dashpot cooling water delta temp., °C 

0 

- 20 



X 

X 

11 

TWO DP 

Dashpot cooling water outlet temp., °C 

0 

- 75 



X 


12 

TVINCl. 

Cooler water inlet temp., °C 

10 

- 70 



X 

X 

1 1 

TDECL 

Cooler water delta temp., °C 

0 

- 20 



X 

X 

0. 

TWOCl. 

Cooler water outlet temp., 'C 

0 

- 75 

Thermocouple 

X 


IS 

AM PS 1 

Heater amps, power supply 1, A 

0 - 

1000 

Ammeter 

X 

X 

Ifl 

AM PS 2 

Heater amps, power supply 2, A 

0 - 

1000 

Amme ter 

X 

X 

i ; 

vm.ro 

Heater voltage, V 

0 

- 20 

Voltmeter 

X 

X 

18 

EIXlDP 

Dashpot cooling water flow, 1/min 

0 

- 10 

Turbine flowmeter 

X 

X 

IV 

EUKll.R 

Engine cooling water flow, 1/min 

0 

- 10 

Turbine flowmeter 

X 

X 

^.0 

VX 1 MOR 

Horizontal vibration, cm/aec 

0 - 

3.8 

Accelerometer 

X 


V 1 

VY1 VER 

Vertical vibration, cm/aec 

0 

3.8 

Accelerometer 

X 


*4 . 

P 1 S TS T 

Pi®ton stroke, cm 

0-4 

St rokemeter 

X 


1 

IHS PST 

Displacer stroke, cm 

0-4 

S t rokeroe t e r 

X 



1NDPWK 

Indicated power, kW 

0-3 

Integration circuit 

X 

X 


PWHOU I 

Hrnko |iow«*r , kW 

0 - 1 

Integration circuit 

X 

X 

■ 

E P 1 S 1 

Pint on force, N 

0 - 

1600 

force 

t ransducer 


X 


XP 1ST 

Piston posit ion, cm 


* '2 

t.Vl)T 



X 


XDOTp 

Piston velocity, m/ s**c 

0 - B 

i.vr 



X 


XDISP 

Displacer position, cm 


» 2 

l.VUT 



X 

SO 

1‘DYNH 

Dynamic bounce space pressure, Ml’a 

0 

- 10 

Strain 

gage transducer 


X 


PI* Y Nt 

Dynamic compression space pressure, MPa 


•2 

Crystal transducer 


X 

I 

PD1.PS I 

Piston delta pressure, kPa 


•700 

Differential pressure 


X 


PDI.I 1.8 

Cooler delta pressure, kPa 


• 70 

t ransducer 


X 


PDLKEo 

Regenerator delta pressure, kPa 


•350 




X 

1 

PDl.Ii IS 

Displacer delta pressure, kPa 


■ 520 




X 


1/ 















TABLE III. - RE-1000 CALCULATIONS 


MNEMONIC 

PARAMETER 

PWR IN 

Electric power input to heater head 

QCOOLR 

Fleat input to engine cooling water 

QDSHPT 

Heat input to dashpot cooling water 

EXTEFF 

Engine efficiency based on brake power output and heater 


power input 

TAVHTR 

Average heater temperature 

INTEFF 

Engine efficiency based on brake power output and QCOOLR 


plus brake power output used as input 

AMPS 

Total amperage to heater head 

QDISPG 

Displacer gas conduction 

QDISP 

Displacer body conduction 

QREG1 

Outer regenerator wall conduction based on TI8REG and 


T19REG 

(JR EG? 

Outer regenerator wall conduction based on T14REG and 


T19REG 

QREG3 

Inner regenerator wall conduction based on TGREGH and 


TGREGC 

PWROUT 

Brake power output, analog calculation 

INDPWR 

Indicated power output, analog calculation 

PISTST 

Power piston stroke 

DISPST 

Displacer stroke 
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TABLE IV, - RE-1000 FREE PISTON STIRLING ENGINE TEST DOOi 


<A> READING 177 


SfRICS • FLUID MYDROOEN BAROM 14.332 PSI 


NEAT TQ 

DA1MPOT 

COOL INO 


POWER 

IN 


ENOINE CHARGE 

: PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

1 l OOP 

5 JO 

l/MIN 





PRESUP 

4 375. 

KPA 

TGEXP 

498.2 

DEG.C 

T01HTR 

S33.5 

OEG.C 














T02HTR 

341.3 

DEG.C 

TWINDP 

JO 9 

DEO C 


VOl TO 

2.34 

VOLTS 

MEANBP 

4969. 

KPA 

TGREGH 

490 . 7 

DEG.C 

T03HTR 

334 1 

DEG.C 

TDIDP 

J St 

DC G C 





MEANCP 

697 9. 

KPA 

TGREGC 

98.8 

DEG.C 

T04HTR 

341.1 

DEG.C 

TwODPR 

73 J 

DIG.C 








TGCOMP 

45.3 

DEG.C 

T03HTR 

313.8 

DEG.C 











TGBOUN 

33.1 

DEG.C 

T04MTR 

334 8 

DEG.C 














T07HTR 

343.1 

DEG.C 














T08MTR 

362.8 

DEG.C 














T09MTR 

531.2 

DEG.C 

NEAT TO 

COOl tf 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

617.8 

DEO.C 

F t OCl R 

9 03 

l/min 

1 




VX1HOR 0.1 

CH/S 


PWROUT 

404. 

WATTS 

T 1 1 HT R 

348.1 

DEG.C 

TMIHCI 

30 5 

DEG.C 

J 

QCOOIR 

1791 . 

WATTS 

VY1VER 1.4 

CM/S 


INDPUR 

436. 

WATTS 

T12MTR 

334.2 

DEG.C 

T Dt Cl 

4 4) 

DEC C 

3 

QDSHPT 

348 

WATTS 




PISTST 

1 61 

CM 




t WOC l R 

34 IB 

DEG C 

4 







DISPST 

1.70 

CM 







1 

TAVHTR 

347.3 

OEO.C 







T13REO 

418.4 

DEG.C 




4 

INTEFF 

17 8 

X 







T14REO 

470.4 

DEG.C 




8 

AMPS 

1113. 

AMPS 







T13REG 

349.4 

DEG.C 




9 

QDISPO 

3 

WATTS 







T14RC0 

347.7 

DEG.C 




10 

qdisp 

13. 

WATTS 







T17REO 

333.1 

DEO.C 




1 1 

QREGl 

88 . 

WATTS 







T18RE0 

342.8 

DEO.C 




1? 

QREGJ 

104 . 

WATTS 







T19REO 

233.4 

DEO.C 




1 3 

OREG3 

30 

WATTS 







T03HED 

494 . 7 

DEO.C 


( B ) READING 178 


3I«lt3 • FLUID HYDROGEN BAROM 14.332 PSI 


MCAT TO 

DASHPOl 

f COOL INO 


POWER : 

IN 


ENGINE CHARGE PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

rioDP 

3 20 

l /Ml N 





PRESUP 

*595. 

KPA 

TGEXP 497.7 DEO.C 

TtlHTR 

557 9 

DEO.C 














T02H1R 

549.1 

DEO.C 

twindp 

70 9 

DEO.C 


VOL TO 

2 43 

VOLTS 

MEANBP 

* 959 . 

KPA 

TGREGH 

493.4 

DEO.C 

T03HTR 

454 * 

DEO.C 

TDl DP 

7 43 

DEO.C 





MLANCP 

6975. 

KPA 

TGREOC 

100.4 

DEO.C 

TA4HTR 

541.5 

DEO.C 

TWODPR 

73 3 

DEO.C 








TGCOMP 

46.7 

DEO.C 

TISNTR 

514.1 

DEO C 











TOBOUN 

33.4 

OEO.C 

TI4HTR 

557.7 

DEO.C 














T97HTR 

544. S 

DEO.C 














TOSHTR 

54 4 . 3 

DEO.C 














T09MTR 

551 . 1 

DEO.C 

MEAT TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T 1 OH TR 

422.1 

DEO.C 

PIOCIR 

4 07 

l /MI N 

1 




VX1H0R 0.2 

CM/S 


PWROUT 

447. 

WATTS 

T I I HT R 

S3*. a 

DEO.C 

TWIHCI 

30 4 

DEG.C 

2 

QCOOIR 

1884 

WATTS 

VY1VER 1.8 

CM/S 


INDPWR 

4*5. 

WATTS 

T12NTR 

534.1 

DEO.C 

TDl Cl 

4 . 74 

DEO.C 

3 

QDSHPT 

585. 

WATTS 




PISTST 

1.79 

CM 




TWOCLR 

34 46 

DEO.C 

4 







DISPST 

1.79 

CM 







3 

TAVHTR 

348 . 7 

DEO.C 







TISREO 

499.7 

DEO.C 




4 

INTEFF 

19 2 

X 







T14RE0 

471.9 

DEO.C 




8 

AMPS 

1136 . 

AMPS 







TISREG 

571.2 

DEO.C 




9 

QDISPQ 

3 . 

WATTS 







TUREO 

54*. 3 

DEO.C 




10 

QDISP 

13. 

WATTS 







T17REO 

359.9 

DEO.C 




1 1 

QREGl 

90 . 

WATTS 







TISREO 

344.4 

DEO.C 




12 

QREG2 

102 . 

WATTS 







T19REO 

235.5 

DEO.C 




13 

QREG3 

30. 

WATTS 







TO SHED 

49*. • 

DEO.C 


(C) READING 179 


STRICS • FLUID HYDROOEN BAROH 14.332 PSI 


AT TO 

DASHPOT 

COOL 1 NO 


POWER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

F l OOP 

3 17 

l/MIN 





PRESUP 

6323. 

KPA 

TOEXP 415.2 DEO.C 

T01HTR 

343.7 

OEO.C 












T82HTR 

341.8 

DEO.C 

TWINDP 

20 9 

DIG.C 


VOL TO 

2.77 

VOLTS 

MEANBP 

6151. 

KPA 

TOREOH 417 . 3 DEO.C 

TOSHTR 

548.3 

DEO.C 

TDL DP 

2 80 

DEG.C 





MEANCP 

6 984. 

KPA 

TOREGC 100.8 DEO.C 

T04HTR 

344 4 

DEO.C 

TWODPR 

23 5 

DEO.C 








TGCOMP 48.3 DEO.C 

TOSHTR 

S13.S 

DEO.C 











TGBOUN 34.3 DEO.C 

TQ6HTR 

342.4 

DEOtC 












TQ7HTR 

544 8 

DEO.C 












TOBHTR 

S 7 1 . 1 

DEO.C 

AT TO 











T09HIR 

332 8 

DEO.C 

COOl f R 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

428.4 

DEO.C 

FlOClR 

4 07 

t/MlN 

1 




VX1HOR 0.2 

CM/S 


PWROUT 48 S . WATTS 

11 1HTR 

357.8 

OEO.C 

TWIHCI 

30 9 

OCG C 

7 

QCOOIR 

2031 

WATTS 

V Y 1 VI R 1.9 

CM/S 


INDPWR S 1 8 . WATTS 

T12HTR 

333.8 

OEO.C 

TDl Cl 

7 37 

Of G C 

3 

QDSHPT 

414 

WATTS 




PISTST 1.87 CM 


TWOCLR 

3 7 08 

DIG.C 

4 







DISPST 1.87 CM 







3 

T AVMTH 

3317 

DEO.C 





TISREO 

417 . 1 

DEO.C 




4 

iNTf FF 

19.1 

X 





T14RIO 

471 .4 

DEO.C 




a 

AMPS 

1711 

AMPS 





TISREO 

372 7 

DEO.C 




9 

QOisro 

3 

WATTS 





TUREO 

343.4 

OEO.C 




10 

Q0I5P 

1 3 

WATTS 





T17REG 

341.4 

DEO.C 




1 1 

QREGl 

97 

WATTS 





TUREO 

332.6 

DEG.C 




1? 

QRE02 

96 . 

WAITS 





TUREO 

231.3 

DEO.C 




13 

QREG3 

31 

WATTS 





T • SHED 

414 .8 

DEO.C 
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TABLE IV. - Continued 


(0) readino lao 


SERIES » FLUID HYDROGEN BAROM 14.357 PSI 

M( A f TO DASHPOT COOLING POWER IN 

HOOP 3 12 I/MIN 


ENGINE CHARGE PRESSURE 
PR E SUP 6 302. KPA 


GAS TEMPERATURES 
TGEXP *93.7 DEO.C 


1 UINDP 

20 9 

OEO.C 

VOLTG 2 »<• VOLTS 

T PI DP 

3 07 

DEO.C 


T WODPR 

2 3 8 

DEO.C 



HEAT TO 

COOt ER 



CALCULATED PARAMETERS 

FlOClR 

A 03 

l /MIN 

1 




TWIHCL 

30 6 

DEG.C 

•» 

OCOOLR 

2199. 

WATTS 

TDl Cl 

i as 

DLO C 

3 

QDSHPT 

666 . 

WATTS 

TUOCl R 

3 7 76 

DEG C 

* 







5 

TAVHTR 

SSO 3 

DEO.C 




6 

INIEFF 

20 0 

X 




a 

AMPS 

12*3. 

AMPS 




9 

QD1SPO 

3 

WATTS 




10 

QDISP 

13. 

WATTS 




1 1 

QRCG1 

91 . 

WATTS 




12 

QREG2 

9* 

WATTS 




1 3 

QREG3 

30 . 

WATTS 


MEAN8P 6977. KPA 
MEANCP 6 983. KPA 


VIBRATION 

VX1H0R 0.2 CM/S 
VY1VER 2.0 CM/S 


TGREGH *9*1 DEG. C 
TGREGC 100.7 DEG.C 
TGCOMP 50.0 DEG.C 
TGBOUN 3*. 3 DEO.C 


REMOTE CALCULATIONS 


PUROUT 

SSI . 

WATTS 

INDPWR 

560. 

WATTS 

PISTST 

2.01 

CM 

DISPST 

1 . 92 

CM 


surface 

TEMPERATURES 

T01HTR 

339.6 

DEO.C 

T02HTR 

3*7 . 3 

DEG.C 

TQ3MTR 

3*0.2 

DEO.C 

T06HTR 

36 3 7 

DEO.C 

TOSNTR 

312.3 

DEO.C 

T06HTR 

338.3 

DEO.C 

T07HTR 

5*3.2 

DEO.C 

T08HTR 

569.1 

DEO.C 

T09HTR 

531 . 7 

DEC C 

T10MTR 

630.1 

DEO.C 

T11HTR 

533 * 

DEO.C 

T12HTR 

332.3 

DEO.C 

T13REG 

*97.8 

DEO C 

T 1 *REO 

*71 .* 

DEO.C 

T1SREG 

37* .8 

DEO.C 

T 16REG 

3*3.0 

DEO.C 

T17REG 

338.6 

DEO.C 

T 18REO 

333.3 

OEO.C 

T19RE0 

2*2.9 

DEO.C 

T03NED 

*96* 

DEO.C 


(E) READINO 181 


SERIES • FLUID MYDROOEN 8AROM 14.357 PSI 


HEAT TO DASHPOT COOlINQ 


F l OOP 

3 12 

I/MJN 

tuindp 

21 0 

DEO C 

TDl DP 

3 ?S 

DEG C 

TUODPR 

2* 0 

DEG.C 


HEAT TO 

COOL ER 


riocii 

* 

05 

l/MIH 

TWlNCl 

30 

9 

DEG C 

TDLCL 

8 

10 

DEG.C 

T WOC L R 

38 

1 9 

DEO . C 


POWER IN 

VOLTO 2.8a VOLTS 


CALCULATED PARAMETERS 


2 

OCOOLR 

2271. WATTS 

3 

QDSHPT 

705. WATTS 

3 

TAVHTR 

550 0 DEG.C 

6 

1 H T E r F 

19 6 X 

8 

AMPS 

1262 AMPS 

9 

OD I SPG 

3. WATTS 

1 0 

QDISP 

15 WATTS 

1 1 

ORE G 1 

90 WATTS 

12 

QREG2 

93. WATTS 

1 3 

ORE G3 

50. WATTS 


ENGINE CHARGE PRESSURE 
PRESUP 6302. KPA 

MEANBP 6999. KPA 
MEANCP 7019. KPA 


VIBRATION 

VX1HOR 0.2 CM/S 
VY1VER 2.1 CM/S 


GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

TGEXP ■ 

*93.3 

DEO.C 

T01HTR 

537 . 1 

DEO.C 




T02HTR 

3*8.6 

DEO C 

TGREGH 

*91 . 1 

DEO.C 

I03MTR 

5*0.0 

DEO.C 

TGREGC 

102.* 

DEO.C 

T OAHTR 

3*3.9 

DEG.C 

TGCOMP 

50* 

DEO.C 

T05MTR 

312.3 

DEO.C 

TGBOUN 

3* . 9 

DEO.C 

T06HTR 

334.9 

DEO.C 




T07HTR 

54* . 3 

DEO.C 




T OSH TR 

367 .3 

DEO.C 




TB9HTR 

331.6 

DEG.C 

EMOTE CALCULATIONS 

T10HTR 

630.9 

DEO.C 

PUROUT 

5SS. 

WATTS 

T 1 1H TR 

35*. 1 

DEO.C 

INDPWR 

5*3. 

WATTS 

T12HTR 

332.8 

DEO.C 

PISTST 

2.0* 

CM 




DISPST 

1 . *7 

CM 







T13RCO 

498.1 

DEO.C 




T 1 *R£G 

471.4 

DEO.C 




T15REC 

375 . 1 

DEO.C 




T16REO 

3*2 4 

DEO.C 




T17REO 

352.4 

DEO C 




T18RCG 

33* . 1 

DEO.C 




T19REO 

2*3* 

DEO.C 




T03HED 

493.7 

DEO.C 


(F) READING 182 


SCRIES 

• FLUID HYDROGEN 

6AROM 

14 . 337 

PSI 










Mf A T TO 

DASHPOT 

COOL INO 


POWER 

IN 


ENGINE CHAROE 

: PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

f t OOP 

3 11 

L /MIN 





PRESUP 

628*. 

KPA 

TGEXP 

*90.3 

DEO.C 

T01HTR 

3 3* . 1 

DEG.C 














T02HTR 

S* 9 . S 

DEG.C 

TUJMDP 

21.0 

OF 0 C 


VOLTO 

2 . 95 

VOLTS 

MEANBP 

6 984. 

KPA 

TGREGH 

*83 .* 

DEO.C 

T03MTR 

S 39 . * 

DEO.C 

T DL DP 

3 33 

OEO.C 





MEANCP 

7009. 

KPA 

TGREGC 

101 . 7 

DEO.C 

T0*HTR 

559 . 9 

DEO . C 

1 WODPR 

7* 1 

DEO C 








TGCOMP 

32.9 

DEO.C 

T05MTR 

312. 9 

DEO.C 











TGBOUN 

34 . 1 

OEO.C 

T04HTR 

33* . 9 

DEG.C 














T07HTR 

5*3 2 

DEO C 














T 08M TR 

540.7 

DEG.C 














T09HTR 

327 2 

DEO C 

NCAT TO 

COOl CR 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T 1 OH TR 

431.8 

DEO.C 

Ft OCt t 

* 04 

l /MIN 

1 




VX l HOP 0.2 

CM/S 


rwROUT 

3*7. 

WATTS 

T 1 1HTR 

3*7.7 

DIO C 

TWlNCl 

31 2 

DIG C 

2 

QCOOl R 

2 397 

WATTS 

VY1VER 2.2 

CM/S 


INDruR 

411 . 

WATTS 

T12NTR 

333.4 

DEG.C 

T 01 Cl 

8 S3 

DEG C 

1 

QOSMP T 

725 

WATTS 




PISTST 

2 19 

CM 




T WOC l R 

38 8 7 

DEO C 

* 







OISPST 

204 

CM 







5 

TAVHTR 

5*8 1 

OCQ . C 







T13REO 

*99 3 

DEG.C 




4 

IHT f T F 

18 * 

X 







TMRIO 

*71 . * 

DIO C 




a 

AMPS 

1290 

AMPS 







T1SRCO 

372 9 

OEG.C 




9 

QDI 5P 0 

3 

WATTS 







T 1 4 REG 

3 34 9 

DEO.C 




1 0 

QDISP 

12 

WATTS 







T17REO 

3*2 0 

OEO C 




1 1 

QRI G| 

87 

WAT TS 







T18REO 

3-7 . 8 

DEG C 




1? 

QRIG2 

100 

WATTS 







T19RI0 

2*1 .0 

DEG.C 




J 3 

QR f G 3 

30 

WATTS 























T03HED 

491.2 

DEO.C 
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TABLE IV. - Continued 


(G) READING 183 


SERIES • FLUID HYDROGEN BARQH l*. 337 RSI 


HEAT TO 

DASHPOT 

COOL INO 


POWER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

* l ODP 

3 10 

L/MIH 





PRESUP 

4242 . 

KPA 

TGEXP 

984 * 

DEG.C 

101HTR 

534 . 7 

DEO.C 














T02HTR 

5*8. 0 

DEC C 

Tu J NOP 

21 0 

DEG C 


VOL TO 

3 . 04 

VOLTS 

MEANDP 

4918. 

KPA 

TGREGM 

*82 7 

DEG.C 

T03HTR 

5*0 . 7 

DEG.C 

I Dl DP 

3 Si 

DEG C 





MEANCP 

49** . 

KPA 

TGREGC 

102.3 

DEG.C 

TOAHTR 

557 . 9 

DEO.C 

t woDPR 

2* 2 

DIG. C 








TGCOMP 

55.2 

DEG.C 

T05HTR 

511.1 

DEO.C 











TGBOUN 

34.4 

DEG.C 

T04HTR 

535.4 

DEG.C 














T07HTR 

54* .0 

DEG.C 














T08HTR 

558.9 

DEG.C 














T09HTR 

52* .4 

DEG.C 

MEAT TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

437 . 0 

DEG.C 

nocit 

A.0? 

l /MI N 

1 




VXIHOR 0.2 

CM/S 


PWROUT 

577 . 

WATTS 

TL1HTR 

5*5.5 

DEO.C 

tUINCL 

31 A 

DEG C 

2 

QCOOIR 

2532. 

WATTS 

VY1VER 2.3 

CM/S 


INDPWR 

485. 

WATTS 

T12HTR 

532.1 

DEG.C 

TOlCL 

a s s 

DEG C 

3 

ODSHPT 

7 4 5 . 

WATTS 




P I ST ST 

2.30 

CM 




T WOC l R 

39 48 

DEG C 

A 







DISPST 

2. 13 

CM 







S 

TAVMTR 

5*7 7 

DEO.C 







T13REG 

*97.8 

DEO.C 




4 

INTEPF 

18 . A 

X 







T1AREO 

*70 . 3 

DEO.C 




a 

Anrs 

1 3 A 0 . 

AMPS 







T15REO 

371.5 

DEO.C 




9 

OD I SPG 

3 

WATTS 







T14RE0 

333 . 2 

DEG.C 




10 

QDISP 

12 . 

WATTS 







T17RCQ 

3*2.1 

DEO.C 




1 1 

QREOl 

aa 

WATTS 







T18RE0 

350.0 

DEG.C 




12 

0REG2 

98 . 

WATTS 







T19REO 

2*1 . 0 

DEO.C 




1 3 

QREG3 

29 

WATTS 







T 0 SHED 

*88 . 5 

DEO.C 


(M) READING 18* 


SERIES • FLUID HYDROGEN BAROM 1* 342 PSI 


H£AT TO 

DASHPOT 

COOL ING 


POWER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

r l oop 

3 09 

l/min 





PRESUP 

6223. 

KPA 

TGEXP « 

*84.7 DEO.C 

T01HTR 

587* 

DEO.C 













T02HTR 

587 0 

DEO.C 

TW1NQP 

21 0 

DEG C 


VOL TO 

3.14 

VOLTS 

MEANBP 

6931 . 

KPA 

TGREGM 

88*. 1 DEO.C 

T03MTR 

588 8 

DEO C 

IDlDP 

3 48 

DEG C 





MEANCP 

4947. 

KPA 

TGREGC 

10}.} DEO.C 

TOAHTR 

5*0.5 

DEO.C 

TWODPR 

2* A 

DEO.C 








TGCOMP 

88.} DEO.C 

TOSMTR 

50*. 1 

DEO.C 











TGBOUN 

}7 . } DEO.C 

T04HTR 

581.1 

DEO.C 













T07HTR 

587 7 

DEO.C 













TOBHTR 

585.7 

DEO.C 













T09HTR 

578 1 

DEO.C 

Hf A T TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

881.5 

DEO.C 

F LOCI R 

A 09 

l/min 

1 




VXIHOR 0.2 

CM/5 


PWROUT 

37*. WATTS 

TllHTR 

555.7 

DEO.C 

TUINCL 

31 9 

DEO.C 

2 

QCOOIR 

2705. 

WATTS 

VY1VER 2.* 

CM/ 5 


INDPWR 

44*. WATTS 

T12HTR 

550.} 

DEO.C 

TDlCl 

9 5? 

DEO.C 

3 

QDSMPT 

791 . 

WATTS 




P I ST ST 

2.39 CM 




1UOCLR 

AO 70 

DEG.C 

A 







DISPST 

2.17 CM 







5 

TAVHTR 

550 .* 

DEO.C 






T13REO 

8*7.7 

DEO.C 




4 

INIEFF 

17.5 

X 






T 1 AREO 

*48.8 

DEO.C 




8 

AMPS 

1 375. 

AMPS 






T15REO 

541* 

DEO.C 




9 

9DISP0 

3 

WATTS 






T14REO 

551.5 

DEO.C 




10 

QO I SP 

12 

WATTS 






T17REO 

557.8 

DEO.C 




1 1 

QREG1 

94 . 

WATTS 






T18RC0 

550 * 

DEO.C 




12 

QREG2 

92. 

WATTS 






T19RE0 

755.1 

DEO.C 




1 3 

QREG3 

30 . 

WATTS 










T 0 SHED *87.7 DEO.C 


(I) READING 185 


SCRIES • FLUID HYDROGEN BAROM 1* 342 PSI 


Hf A T TO 

DASHPOT 

COOL INO 


POWER IN 


ENOINE CHAROE 

PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

F LOOP 

3 1 l 

L/MIN 




PRESUP 

62*3. 

KPA 

TGEXP 4B 7 . 4 DEO.C 

T01HTR 

5*5.4 

DEO.C 











T02HTR 

550 . 9 

DEO.C 

TUI HOP 

21 Q 

DEO C 


VOLTO 3.22 

VOLTS 

MEANBP 

7016. 

KPA 

TGREGM *09.7 DEO.C 

T03HTR 

5*1 . I 

DEO.C 

IDLDP 

3 B? 

DIO C 




MEANCP 

70*3. 

KPA 

TGREGC 103.0 DEO.C 

TOAHTR 

543.* 

OEO.C 

TWOOPR 

2* 4 

DEG.C 







TGCOMP 60.9 DEO.C 

T03HTR 

508.7 

DEO.C 










TGBOUN 38.8 DEO.C 

T06HTR 

5** . 5 

DEO.C 











T07HTR 

5*5.7 

DEO.C 











TOBHTR 

548.4 

DEO.C 











T09HTR 

527.4 

DEO.C 

Ml A T TO 

COOL ER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

4*3. « 

DEO.C 

Ft OCt R 

* 10 

L /MIH 

1 



VXIHOR 0.2 

CM/S 


PWROUT 61*. WATTS 

TllHTR 

55* . 2 

OEO.C 

TUINCL 

32 3 

DIO C 

2 

QCOOIR 2B81 . 

WATTS 

VY1 VER 2 . 5 

CM/ 5 


INDPWR 706. WATTS 

T12HTR 

331.7 

DEO.C 

TOl Cl 

10 14 

DIO C 

3 

QOSMPT B 3B . 

WATTS 




PISTST 2.47 CM 




TWOCLR 

*1 ?* 

DIO C 

* 






DISPST 2.2* CM 







5 

TAVMTR 552 . 1 

DEO.C 





T13REO 

*9*. 3 

DEO.C 




4 

1 M T c F r 17* 

X 





M*REO 

*43 4 

DEO.C 




B 

AMPS 1*07. 

AMPS 





T1SREO 

333 8 

DEG.C 




9 

QDISPO 3. 

WATTS 





T14REO 

32 3 . 1 

DEO.C 




10 

QD1SP 12. 

WATTS 





T 1 7REO 

3*3.7 

OEO.C 




1 1 

qrcgi aa 

WATTS 





T18REO 

334 * 

DEO.C 




12 

QRLG2 10*. 

WATTS 





T19RCO 

227. A 

DEO.C 


1 3 OREGS 30 . WATTS 

T 0 SHED sat. 9 DEO.C 


21 



TABLE IV. - Continued 


(J) READING 186 


SERIES • HUID HYDROGEN BARON I*. MB RSI 


MCAT to 

DAiM^OT 

COOl I HO 


POWER : 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURE* 

SURFACE 

TEMPERATURE* 

f l OOP 

3 12 

L/M1N 





PRESUP 

4247. KPA 

TGCXP 

4ft4 . 9 DEO.C 

T01HTR 

540.4 

DEO.C 









T02HTR 

54ft. 5 

DEO.C 

! U I NOP 

2) 9 

DEO C 


VOL TO 

5.24 

VOLT* 

ME A N BP 

7071. KPA 

TGREGH 

463* DEG.C 

T03HTR 

54 3 4 

DEO.C 

T Dl DP 

A 0 5 

or o . c 




MEANCP 

7114. KPA 

TCREGC 

104.2 DEG.C 

T 04HTR 

551.2 

DEO.C 

iuodpr 

?* t 

DIG C 







TGCOMP 

41 .ft DEG.C 

T 05MTR 

5 Oft . 7 

DEO.C 








TGBOUN 

39.7 DEO.C 

T 06HTR 

540 0 

DCO.C 












T07HTR 

543 2 

DEO.C 












T OftHTR 

562 . 7 

DEO.C 












T01HIR 

523 5 

DEO.C 

Ml A T TO 

COOl f« 



CALCULATED parameter* 

VIBRATION 


REMOTE CALCULATION* 

T 10NTR 

445.4 

DEO.C 

f l oci R 

a i j 

l ✓HIM 

j 




VX1H0R 0.2 

CM/* 

PWROUT 

405. WATT* 

T 1 1HTR 

546 ft 

DEO.C 

f W t MCI 

ys ? 

DEG C 

2 

QCOOIR 

2114 . 

WATT* 

VY1VER 2.5 

CM/* 

INOrwR 

734. WATT* 

T12HTR 

531 4 

DEO.C 

T OLCt 

10 21 

DEO . C 

3 

QD3HPT 

ft 7 ft . 

WATT* 



PISTST 

2 51 CM 




TUOCt R 

A2 Aft 

DEO . C 

4 






DISPST 

2.31 CM 

T1 3REO 

413.5 

DEO.C 

3 

T AVHTR 

541 4 

DEO.C 








4 

1HTEEF 

17 2 

X 





T14RE0 

443.4 

DEO.C 




ft 

AMP ft 

1417 

AMPS 





T15REO 

33ft . 7 

DEO.C 




1 

00 I ftPG 

3 

WATT* 





T16REO 

321 . 1 

DCO.C 




1 0 

ODISP 

12 

WATT* 





T17REO 

336.2 

oeo.c 




l } 

QREG1 

ftft . 

WATTS 





TlftREO 

340 . 7 

DEO.C 




12 

QREG2 

100 . 

WATT* 





T 1 1REO 

232. ft 

DEO.C 




1 3 

QRC03 

21 

WATT* 





T03HED 

487.4 

DEO.C 








( K > READING 187 






situs 

a riuio hydrooem 

BAR0F1 

14.344 P*X 








HEAT TO 

DAftHPOT 

COOL I HO 


POWER 

IN 


ENGINE CHARGE 

! PRESSURE 

GAS TEMPERATURE* 

SURFACE 

TEMPERATURE* 

FI OOP 

3 1 1 

l/min 




PRESUP 

42*7. KPA 

TGEXP 

483.1 DEG.C 

T01HTR 

*41 .4 

DEO.C 










T02HTR 

347.0 

DEO.C 

T M ! NOP 

211 

DEO. C 


VOL TO 

3 33 

VOLTS 

MEANBP 

7115. KPA 

TGREGM 

480.4 DEO.C 

T03MTR 

543.4 

DEO.C 

1 Dl OP 

A 24 

DEO C 




MEANCP 

7144. KPA 

TGRCGC 

102.1 DEO.C 

T04HTR 

*57 0 

DEO.C 

TWOOP« 

2* 1 

DIG C 







TGCOMP 

44 . 7 DEO.C 

T 05HTR 

303 3 

DEO.C 







TOBOUN 

40.1 DEO.C 

T06HTR 

541 .3 

DEO.C 












T07MTR 

340 a 

DEO.C 












T OftHTR 

361.1 

DEO.C 












T01MTR 

*11.2 

DEO.C 

HEAT TO 

COOl !R 



CALCULATED PARAMETER* 

VIBRATION 


REHOTE CALCULATIONS 

T10HTR 

450.4 

DEO.C 

f l OCI t 

4.13 

t /MI N 

1 




VX1H0R 0.2 

CM/* 

PWROUT 

A 32 ■ WATTS 

T11HTR 

344.4 

DEO.C 

TUINCI 

33 7 

DEC C 

2 

OCOOIR 

3011. 

WATT* 

VY1VER 2.7 

CM/* 

INDPWR 

7AV WATTS 

T12HTR 

330.1 

DEO.C 

T Dl Cl 

10 04 

DEO C 

3 

0D3HPT 

122 

WATT* 



PISTST 

2 *7 CH 




IWOClR 

43 n 

DIO C 

4 






DISPST 

E.M CN 

T13RCO 


DEO.C 

5 

TAVMTR 

*4# 7 

DEO.C 





4ftt .♦ 




4 

I N T EFF 

14 1 

X 





T14REO 

454.3 

DEO.C 




ft 

AMP ft 

1447 . 

AMP* 





T15REO 

342 * 

DEO.C 




9 

ODISPO 

3 

WATTS 





T16REO 

304.3 

DEO.C 




10 

QD1 ftP 

17 . 

WATT* 





T17REO 

325.7 

DEO.C 




1 1 

QREG1 

*7 . 

WATT* 





TlftREO 

324.4 

DEO.C 




12 

0REC2 

105. 

WATT* 





TllREO 

21ft. 7 

DEO.C 




1 3 

QRE03 

21 . 

WATT* 





TB3HED 

484.5 

DEO.C 








(L> READINO 181 







0 FLUID HYDROOEM 

BAROM 

14.364 P*I 








HEAT TO 

0A3HP0T 

COOL I HO 


POWER 

IN 


ENGINE CHARGE 

PRESSURE 

CA* TEMPERATURE* 

SURFACE 

TEMPERATURES 

rioop 

3 Oft 

L/MIN 





PRESUP 

6384. KPA 

TGEXP 

545.1 DEO.C 

tbihtr 

511.7 

DEO.C 












T02HTR 

400.7 

DEO.C 

TWIMOP 

21 2 

DEO C 


VOL TO 

2.64 

VOLTS 

MEANBP 

7016. KPA 

TGREOH 

*42. 6 DEO.C 

T03HTR 

511.5 

DEO.C 

T Dl OP 

3 21 

DEO C 





MEANCP 

7053. KPA 

TGREGC 

102.3 DEO.C 

T 04HTR 

417.0 

DEO.C 

TWODPR 

24 1 

OEO. C 







TGCOMP 

48.4 DEO.C 

T05HTR 

*45.5 

OEO.C 










TGBOUN 

37.6 DEO.C 

T06HTR 

513.5 

DEO.C 












T07NTR 

515.4 

OEO.C 












T OftHTR 

620.7 

DEO.C 












T01HTR 

584 . 5 

DCO.C 

HfA! TO 

COOLER 



CALCULATED PARAMETER* 

VIBRATION 


REMOTE CALCULATION* 

T10HTR 

477.4 

DEG.C 

F i OCI R 

4 13 

l /FI 1 M 

1 




VX1HOR 0 . 1 

CM/* 

PWROUT 

443. WATT* 

tuhtr 

405.5 

DCO.C 

TUINCI 

33 4 

DEG C 

2 

OCOOIR 

10A4 . 

WATT* 

VY1VER 1.4 

cn/s 

INDPWR 

47*. WATT* 

T12HTR 

5ft* . 7 

DEO.C 

TDlCl 

4 40 

0(0 c 

3 

ODftMPT 

464 . 

WATT* 



PISTST 

1.64 CM 




TMOCIR 

31 23 

DEO C 

4 






DISPST 

1.74 CM 







3 

TAVMTR 

402 4 

DEO.C 





T 1 3RCO 

*44.2 

DEO.C 




4 

1 M T f f F 

110 

X 





T 1 4REQ 

*17.0 

DEO.C 




ft 

AhPft 

1131 

AMP* 





T15REO 

408.4 

DCO.C 




1 

QD1 3P0 

A . 

WATT* 





T 1 4 RIG 

371. 4 

•to. c 




1 0 

ODI ftP 

14 

WATTS 





T17RIO 

383.4 

OEO.C 




1 1 

OR! G1 

100 

WATT* 





TlftREO 

J ft 4 . 2 

DEO.C 




12 

OKI G 2 

1 Oft 

WATT* 





TllREO 

240.1 

DCO C 




1 3 

OR 1 03 

34 

WATT* 





T 0 3HCD 

544.2 

DCO.C 


12 



TABLE IV. - Continued. 


(FI) READINO 190 


STRIf* 1 ftUID HYDROGEN 

BARON 

14 . 144 

. PSI 










H t * T TO DASMPQT 

C001 1 HO 


roUER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

floor i 07 

I/NIH 





PRESUP 

6116. 

KPA 

TGEXP 

542 . 1 

DEO.C 

T01HTR 

591 . 3 

DEG.C 













T 02M T R 

596 . 7 

DEG C 

TUINOA ?t ? 

ore c 


VOITO 

2.71 

VOLTS 

MEANBP 

6988. 

KPA 

T GRECH 

541.4 

DEO.C 

T01HTR 

550 . 4 

DEG.C 

toi or i 2i 

DIO c 





MEANCP 

6999. 

KPA 

TGRFGC 

10S.2 

DEG.C 

T04HTR 

611.6 

DEO.C 

lUUDPR ?«. 1 

occ c 








TGCOMP 

49. 7 

OEG.C 

TOSH TR 

562 . 1 

DEG.C 










TG60UN 

17.4 

DEG.C 

T04HTR 

591 . 4 

OCO C 













T07HTR 

592 2 

DEO.C 













TOSHTR 

619.2 

DEO.C 













T09HTR 

581.5 

OEG.C 

HtAT TO COOLER 



C At CUl AT E D PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T 1 OHTR 

678.2 

DEO.C 

flOCl* % 11 

I/HIN 

1 




VX1HOR 0.2 

CM/S 


PUROUT 

4 79. 

WATTS 

T 1 1 M T R 

604.6 

DEG.C 

tuihci is l 

DEO. C 

2 

QC001R 

2025. 

WATTS 

VY1VER 1.6 

CM/S 


INDPWR 

506 . 

WATTS 

T I2HTR 

962. 1 

DEO.C 

» 01 Cl 7 11 

DEO C 

1 

QDSMPT 

4AS . 

WATTS 




PISTST 

1 . 76 

CM 




iwoat si 4) 

DEG C 

4 







DISPST 

1.77 

CM 






5 

T AVMTR 

400 4 

DEO.C 







T11REO 

54 3.8 

DEO.C 



4 

INTEE F 

14.1 

X 







T 1 4RE0 

SIS. 2 

DEO.C 



A 

AMP 5 

1 1A4 . 

AMPS 







T1SRFO 

408 . 2 

oto.c 



0 

QDISPO 

4 . 

WATTS 







T14RE0 

37 5.6 

DEO.C 



10 

qdisp 

14 

WATTS 







T 1 7 R£0 

386.4 

DEO.C 



1 1 

QREOl 

102. 

WATTS 







T16RE0 

366.4 

DEO.C 



12 

QREG2 

101. 

WATTS 







T19REO 

262.3 

DEO.C 



1 1 

QREG1 

14 . 

WATTS 







T03MED 

542.6 

DEO.C 







(N) READINO 

191 







unci • riuio hydrogen 

BAROM 

14 . 171 

PSI 










HfAT TO DASMPOT 

COOl INC 


rouER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

floor i 08 

L/hlN 





PRESUP 

6120 . 

KPA 

TGEXP 

540 . 0 

OEG.C 

T01HTR 

550.6 

DEO.C 













T02MTR 

547.6 

DEO.C 

TWINOP 21.2 

DEO.C 


VOITO 

2.61 

VOLTS 

MEANBP 

6981. 

KPA 

TGREGH 

537.3 

DEO.C 

I01HTR 

540.1 

DEO.C 

T oi or 1 50 

DEO C 





MEANCP 

7009. 

KPA 

TGREGC 

106.5 

DEO.C 

T04MTR 

413.4 

DEO C 

TUODPR 21 1 

DEO.C 








TGCOMP 

50 . 3 

DEO.C 

TOSHTR 

542 2 

DEO.C 










TGBOUN 

37 . 1 

DEO.C 

T04HTR 

590 . 1 

DEO.C 













T07HTR 

543.1 

DEO.C 













TOSHTR 

417.1 

DEO.C 

MEAT TO COOlC* 












T59HIR 

580.6 

DEO.C 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T 1 OH TR 

475 2 

DEO.C 

HOUR 4.10 

I/MIN 

1 




VX1H0R 0.2 

CM/S 


PUROUT 

521. 

WATTS 

T11HTR 

402.9 

DEO.C 

TWINCI 15.1 

010 C 

2 

QCOOIR 

2055 . 

WATTS 

VY1VER 1.5 

CM/S 


INDPWR 

516 . 

WATTS 

T12HTR 

562 4 

DEO.C 

JDlCl 7 50 

DEO.C 

1 

QDSMPT 

7 0 A 

WATTS 




PISTST 

1.87 

CM 




lUOCLR 10.40 

DEG C 

4 







DISPST 

1.66 

CM 






1 

TAVMTR 

S55 4 

DEO.C 







T13REO 

544 . 1 

DEO.C 



4 

INTEFE 

19 5 

X 







T14REO 

515.5 

DEO.C 



A 

AMPS 

1226 . 

AMPS 







T15REO 

405.7 

DEO C 



0 

ODisro 

4 . 

WATTS 







T14RC0 

374.1 

DEO C 



10 

QDISP 

14 . 

WATTS 







T17REG 

164.2 

DEO.C 



1 1 

QREOl 

49. 

WATTS 







T18RE0 

164.6 

DEO.C 



12 

QREG2 

104 . 

WATTS 







T19RE0 

244.4 

DEO.C 



11 

QREOl 

11. 

WATTS 







T01HED 

541. • 

DEO.C 







(0) READINO 

192 







i**in • n 

U1D HYOROOEN 

BAROM 

14 171 

PSI 










nr * T TO DAlHrOT 

COOl I HO 


POWER 

IN 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

surface 

TEMPERATURES 

floor 5 eo 

i/tilN 





PRCSUP 

6101. 

KPA 

TGEXP 

540.4 

DEO.C 

T01HIR 

541 1 

DEO.C 













T 0 2M TR 

549.6 

DEO.C 

TUlNOr 21.2 

DEO.C 


VOL TO 

2.64 

VOLTS 

MEANBP 

6996. 

KPA 

TGREGH 

538.7 

DEO.C 

T 0 IN TR 

591.6 

OEG.C 

TDlOr 1 26 

DEO.C 





MEANCP 

7009. 

KPA 

TGREGC 

106.1 

DEO.C 

T04HTR 

414 . 3 

DEO.C 

TuODPR 24.4 

DEO.C 








TGCOMP 

52.1 

DEO.C 

TOSHTR 

54 3.4 

DEO.C 










TGBOUN 

37 . 4 

DEO.C 

T06HTR 

590.2 

OEO.C 













T07HTR 

54S . 7 

DEO.C 













toomtr 

419.4 

DEO.C 













T09HTR 

563.2 

DEO.C 

HT A T TO COOLER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10MTR 

462.6 

DEO.C 

flOCLR 4.12 

l /Ml N 

l 




VX1H0R 0.2 

CM/S 


PUROUT 

504 . 

WATTS 

TllNTR 

404.4 

DEO.C 

TUIHCI 11 1 

DEO.C 

2 

QCOOl R 

2217 . 

WATTS 

VY1VER 2.0 

CM/S 


INDPWR 

560 . 

WATTS 

I12MTR 

563.6 

DEO.C 

TOlCl 7 7 A 

DEG C 

1 

QDSMPT 

704 . 

WATTS 




PISTST 

1.44 

CM 




T WOC l R 40.15 

DEO C 

4 







DISPST 

1 . 90 

CM 






5 

T AVMTR 

401.9 

DEO.C 







T15RCO 

54 S . 1 

DEO.C 



4 

IHTEFF 

16.5 

X 







T14REG 

514 . 4 

DEO.C 



A 

AMPS 

1247 . 

AMPS 







T 1SREG 

409.6 

DEO.C 



0 

QDISPO 

4 . 

WATTS 







T 16REO 

176 . 0 

DEO.C 



10 

QD1SP 

14 . 

WATTS 







Ti 7REO 

164 . 1 

DEO.C 



1 1 

QREOl 

99. 

WATTS 







T16RCO 

187.4 

DEO.C 



12 

QRE02 

10S. 

WATTS 







T14RI0 

245.1 

DEO.C 



1 1 

QREOl 

53. 

WATTS 







T03KED 

546.7 

DEO.C 


23 



TABLE IV. - Continued. 


<P> READING 19J 


SfRIES • FLUID HYDROGEN B AROM 19.376 P3I 


H f A T TO DA5HPOT COOLING 


F t OOP 

5 

0 7 

l /MIN 

TUI NDP 

21 

5 

DF G 

C 

TDl DP 

5 

59 

DIG 

C 

T UODPR 

2A 

9 

DC G 

c 


NEAT TO COOLER 

f i OCl R All 1/HIN 
TUI NCI 51 2 OEG C 
TDl Cl « 55 DIG C 
TuOClR AO BO DC G C 


ROWER IN 

VOL I G 2. 99 VOL T 5 


CALCULATED PARAMETERS 

1 


2 

QCOOl R 

2579 

WATTS 

5 

QDSHPT 

790 

WATTS 

5 

T AVHTR 

601 9 

OEG.C 

9 

1 NT If F 

19 ? 

X 

a 

AMPS 

1 509 . 

AMPS 

9 

Q0I5PG 

9 

WATTS 

10 

ODISP 

l A . 

WATTS 

1 1 

QRCG1 

10 1. 

WATTS 

12 

OR EG? 

102. 

WATTS 

1 5 

QREG5 

55 . 

WATTS 


ENGINE CHARGE 

PRESSURE 

GAS tempcratures 

SURFACE 

TEMPERATURES 

PRESUP 

9500 . 

KPA 

TGEXP 

556 8 

DEO.C 

T 0 1 N T R 

590 . 7 

DEG.C 






T 02HT R 

5 9 9 . A 

DEO.C 

MEAN6P 

7022. 

KPA 

TORT OH 

559.5 

DEO.C 

T05HTR 

592 . 2 

DEO.C 

Mf ANCP 

705 1 . 

KPA 

TGREGC 

110.6 

DEG.C 

T 0 AM T R 

919 9 

DEG.C 




TGCOMP 

59 A 

DEG.C 

T05MTR 

591 9 

DCG.C 




TGBOUN 

58 . 5 

DEG.C 

T 0 9 M T R 

586 . A 

DEO.C 







TO 7HTR 

595 7 

DEO.C 







TOSH TR 

920 . 5 

DCG.C 







T09HTR 

58 5.2 

DEG.C 

VIBRATION 



REMOTE CALCULATIONS 

T 1 0 H T R 

989 . 1 

OEG.C 

VX1HOR 0.2 

CM/S 


PWROU T 

595. 

WATTS 

T 11MTR 

909 . 2 

DEO C 

VY1VER 2 . 1 

CM/S 


INDPW'R 

619. 

WATTS 

T 12HTR 

562.2 

DEO.C 




PISTST 

2.09 

CM 







DISPST 

1 99 

CM 

T 15REO 

5AA 2 

DEO.C 







T 1 ARE 0 

515.8 

DEO.C 







T 1SREG 

909.6 

DEO.C 







T 16RCG 

579.5 

DEO.C 







T 1 7REO 

566.7 

DEO.C 







T18REG 

569.5 

DEO.C 







T 19REG 

295.9 

DEO.C 







T 0 SHED 

528. 7 

DEO.C 


(Q) READING 1 99 


SERIES • 


FLUID HYOROOCN 


BAROM 19 579 P3I 


HEAT TO 

0 A 5 H P 0 T 

COOL 1 NO 

POWER IN 

ENOINE CMAROE 

PRESSURE 

» l OOP 

5 09 

L/niN 


PRESUP 

9917 . 

KPA 

TUIHDP 

21 3 

DEG C 

VOL TO 3.09 VOLTS 

MEANBP 

7008 . 

KPA 

I Dl DP 
TUODPR 

5 66 
29 9 

DEG C 
DC G C 


MEANCP 

7035. 

KPA 


MEAT TO 

COOL in 



CALCULATED PARAMETERS 

VIBRATION 


FI OUR 

9 13 

l/MIN 

1 




VX1HOR 0.2 

CM/S 

TUI NCI 

35 5 

DEG C 

2 

OCOOLR 

2568 

WATTS 

VY1VER 22 

CM/S 

TDl Cl 

9 00 

DEG C 

3 

QDSHPT 

789 

WATTS 



T WOC L R 

91 99 

DEG C 

6 









s 

TAVHTR 

601.7 

DEO.C 






6 

INTEFF 

16 0 

X 






B 

AMPS 

1 329 . 

AMPS 






9 

QDISPQ 

9 . 

WATTS 






10 

QD1SP 

1 A . 

WATTS 






1 1 

9R l G 1 

98 . 

WATTS 






12 

0REG2 

109 . 

WATTS 






1 3 

QREG3 

33. 

WATTS 




GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

TGEXP 

535 9 

DEO.C 

T01NIR 

566 2 

DEO.C 




T02HTR 

9018 

DEO.C 

TGREGM 

533 0 

DEO.C 

T03MIR 

591.6 

DEO.C 

TGREGC 

112.2 

DEO.C 

T09MTR 

919.6 

DEO.C 

1 CC CMP 

59 . 1 

DEO.C 

T05MTR 

593 2 

DEO.C 

TGBOUN 

39.2 

DEO.C 

T09MTR 

589.9 

DEO.C 




T 0 7 H T R 

596 2 

DEO.C 




T06HTR 

919.7 

DEO.C 




T09HTR 

562.9 

DEO.C 

REMOTE CALCULATIONS 

T 10MTR 

967 3 

DEO.C 

PWROU T 

593. 

WATTS 

T 1 1MTR 

902 6 

DEO.C 

INDPWR 

965. 

WATTS 

T12MTR 

383.6 

DEO.C 

PISTST 

2.20 

CM 




DISPST 

2.09 

CM 

T13REO 

595.5 

DEO.C 




T 1 9RE0 

517.0 

OEO.C 




T15REO 

9119 

DEO.C 




T 16RCO 

376 . 3 

DEO.C 




T 1 7REO 

362 5 

DEO.C 




T18RC0 

388 ■ 9 

DEO.C 




T 1 9REO 

298 2 

DEO.C 




T03HED 

523.9 

DEO.C 


(R) READING 195 


SERIES • FLUID HYOROOEN BAROM 19.579 PSI 


NEAT TO DASMPOI COOLING 


F LODP 

3. 

06 

l/MIN 

T W I NDP 

21 

. 9 

010 c 

TDl DP 

3 . 

83 

DEO C 

TUODPR 

23 

• 

DEO C 


Mf A T TO 

COOL t R 



» l OCl R 

9 

1 3 

l /MIN 

IWIMCl 

n 

3 

Dl 0 

C 

MH CL 

9 

36 

or G 

c 

IWOCl R 

92 

09 

DEG 

c 


POWER IN 

VOLTO 5. IS VOLTS 


CALCULATED PARAMETERS 


J 

OCOOLR 

2682 

WATTS 

3 

9D3MP T 

629 

WATTS 

5 

TAVHTR 

602 . 3 

DEO.C 

9 

l h 1 1 f r 

18 9 

X 

a 

AMPS 

1 3 7 0. 

AMPS 

9 

QDisro 

9 . 

WATTS 

1 0 

QDISP 

19 . 

WATTS 

1 1 

QRIG1 

101 . 

WATTS 

l? 

QR l G2 

101 . 

WATTS 

1 3 

OR E 0 3 

33 

WATTS 


ENOINE CMAROE PRESSURE 
PRESUP 9919. KPA 

ME AN BP 7009. KPA 
MEANCP 7092. KPA 


VIBRATION 

VX1MOR 0 2 CM/S 
VY1VCR 2 5 CM/S 


OAS TEMPERATURES 
TGEXP 559.5 DEO.C 

TGREGM 555. S DEO.C 
TGREGC 115.9 DEO.C 
TGCOMP 56. 5 DEO.C 
TGBOUN 59 8 DEO.C 


REMOTE CALCULATIONS 
PWROU T 909. WATTS 
INDrWR 979. WATTS 
PIS1ST 2 25 CM 
DISPST 2.09 CM 


SURFACE 

TEMPERATURES 

T01HTR 

589 . 3 

DEO.C 

T02MTR 

901.2 

DEO.C 

T03MTR 

393.3 

DEO.C 

T09HTR 

917.3 

DEO C 

TOSHTR 

391 . 9 

DEO.C 

T09HTR 

389 6 

DEO.C 

TO/HTR 

397 6 

DEO.C 

TOBHTR 

016.9 

OEO.C 

TOSHTR 

383 9 

DEO C 

T 1 0HTR 

991 . 9 

DEO.C 

T 1 1 M TR 

909 . 3 

DIO C 

T12MTR 

362. 1 

DEO.C 

T 1 3REO 

399 . 2 

OEO.C 

T19RE0 

313.6 

DEO.C 

T13REO 

910 0 

DEO C 

TURCO 

371 . 9 

DEO C 

T 1 7REO 

367 . 1 

OEO.C 

T 1 6 R EG 

390 6 

DEG.C 

T19RE0 

290.6 

DEO.C 

T03MCD 

323.3 

DEO.C 


24 



TABLE IV. - Continued 


(S) READING 196 


imti • fluid hydrogen barom 14.374 pi i 


Nf*T TO 

OABMPOT 

COOL INC 


POWER 

IN 


EN01NE CHARGE 

PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

1 l ODP 

3 08 

l / fl 1 H 





PRESUP 

6609. 

KP A 

TGEXP 

535.9 DEG.C 

T01HTR 

387 9 

DEO.C 













T02HTR 

602 2 

DEG.C 

T W I HOP 

21 A 

or o c 


VOL TO 

3.13 

VOLTS 

MEANBP 

6996 . 

KPA 

TGREGH 

332.7 DEO.C 

T03HIR 

392.3 

DEO.C 

» m or 

3 96 

DIG C 





MEANCP 

7013. 

KP A 

TGREGC 

111.8 DEO.C 

T06HTR 

616.2 

DEO.C 

twnppt 

26 1 

01 G C 








TGCOMP 

38.7 DEO.C 

T06HTR 

662.9 

DEO.C 











TGBOUN 

60.3 DEO.C 

T 0 6 M T R 

584.8 

DEG.C 













T07HIR 

398.6 

DEO.C 













T08MTR 

616.6 

DEG.C 

H f A I TO 

COOL f R 











T 09M T R 

379 8 

DIO C 



CALCULATED PARAMETERS 

VIBRATION 



ftenott C AL CUl A T I OHS 

T lOMlt 

690.0 

DEO C 

M or 1 n 

S i? 

l /HIN 

1 




VX1HOR 0.2 

CM/S 


PUROIJT 

616 WATTS 

T 1 l H T R 

600.9 

DEG C 

T W! MCI 

33 6 

DT 0 C 

■» 

OCOOl R 

2699 

WATTS 

VY1VER 2.6 

CM/S 


iNprUR 

706. WATTS 

T12MTR 

586 . 1 

DEO.C 

T M Cl 

9 *4 

Pf G C 

3 

QOMIP T 

8A6 . 

WATTS 




P 1 6 T 6 T 

2 36 CM 


T U^C l R 

s? it 

DIG C 

s 







DISPST 

2.16 CM 







6 

T AVMTR 

601.2 

DEO.C 






T l 3REO 

564 1 

DEO.C 




A 

INI l M 

18.3 

\ 






T 16RFG 

514 2 

DEO.C 




A 

AMPS 

l 368 

AMPS 






T 15Rf 0 

60 7.0 

DEO.C 




9 

QDI 6PO 

A 

WATTS 






T 16RIO 

349.4 

DEO C 




10 

QDI6P 

1A 

WATTS 






T 1 7 R f 0 

375.3 

DIO C 




1 1 

<moi 

96 

WATTS 






T1BRFO 

381.6 

DEO.C 




1? 

OREO? 

109 . 

WATTS 






T19RI0 

243 6 

DEO.C 




1 3 

9 R l G 3 

53 

WATTS 






T03MED 

324 9 

DEG.C 








(T) READING 

197 






BCR 1 ( 3 

• flUlD HYDROGEN 

8 A ROM 

14.381 

PSI 









MCA! TO 

DA6MP0T 

COOL 1HO 


POWER 

IN 


ENGINE CHAROE 

PRESSURE 

GAS TEMPERATURES 

surface 

TEMPERATURES 

n npp 

2 61 

l/f1IH 





PRE5UP 

6603. 

KPA 

TGEXP 

529.8 DEG.C 

T01HTR 

S84 . 0 

DEO.C 

TUI HOP 

21 6 

DEG C 










T02HTR 

S97 . 1 

DEO.C 


VOLTO 

3.32 

VOLTS 

MEANER 

6990. 

KPA 

TGREGH 

321.9 DEO.C 

T03HTR 

392.2 

DEO.C 

T Dl DP 

6 7 9 

DEG . C 





MEANCP 

7006 . 

KPA 

TGREGC 

106.3 DEO.C 

T06HTR 

609.0 

DEO C 

T UO DPR 

26 . 9 

DEG C 








TGCOMP 

63.3 DEO.C 

T05MTR 

333.6 

DEO.C 











TGBOUN 

61 .6 DEO.C 

T06MTR 

387 . 1 

DEO.C 













T07MTR 

398.7 

DEO.C 













T08MTR 

609.4 

DEO.C 

Mf A! TO 

COOLER 











T09NTR 

370 . 7 

DEO.C 



CALCULATED PARAMETER* 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

699.0 

DEO.C 

i i ocir 

A Afl 

l/min 

1 




VX1H0R 0.2 

CM/S 


PWROUT 

667. WATTS 

T 1 1 HTR 

394.0 

DEO.C 

TUI HC l 

63 6 

DEG C 

2 

QC001R 

2996 . 

WATTS 

VY1VER 2.6 

CM/S 


INDPUR 

783. WATTS 

T12HTR 

378.4 

DEO.C 

Tin CL 

9 8 3 

DIG C 

3 

QDSMPT 

870 . 

WATTS 




PIST6T 

2 52 CM 


T WOC l R 

A2 71 

DIG C 

A 







DISPST 

2 26 CM 







6 

T AVMTR 

397 . 3 

DEO.C 






T13REO 

533.2 

DEO.C 




6 

IHTEFF 

18 3 

X 






T16REO 

498.2 

DEO.C 




8 

AMPS 

1 AAV 

AMPS 






T15REO 

349.4 

DEO. C 




9 

Q0I6P0 

A . 

WATTS 






T16REO 

333.4 

DEO.C 




10 

QOISP 

1 3 . 

WATTS 






T1 7REG 

351.0 

DEO C 




1 1 

QREG1 

101 . 

WATTS 






T18REO 

354.4 

DEO.C 




12 

QREG2 

117 . 

WATTS 






T19REO 

230.4 

DEO.C 




1 3 

QREG3 

32 . 

WATTS 




















T03HED 

323.1 

DEO.C 








(U> READINO 

198 






URIC* 

• FLUID HYDROOEH 

BAROM 

14.376 PSI 









MEAT TO 

DA8HP0T 

COOL! HO 


POWER 

IN 


ENGINE CHAROE 

: PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

* l OOP 

2 87 

E /Ml N 





PRESUP 

6607 . 

KPA 

TGEXP 

330.1 DEO.C 

T01HTR 

384.6 

DEO.C 

IWINDP 

21 5 











T02NTR 

600 . 3 

DEO.C 

DEO.C 


VOLTO 

3.36 

VOL li 

MEANBP 

6978. 

KPA 

TGREGH 

526.5 DEO.C 

T03NTR 

392.1 

DEO.C 

TDl OP 

A 6 A 

DE 0 . C 





MEANCP 

7007. 

KPA 

TGREGC 

109.3 DEO.C 

T06HTR 

412.9 

DEO.C 

TUODPR 

26 8 

DCG C 








TGCOMP 

62.6 DEO.C 

TOSNTR 

337 3 

DEO C 











TGBOUN 

61.8 DEO.C 

T06HTR 

587.3 

DEG.C 













T07HTR 

395.4 

DEO.C 













TOSNTR 

613.4 

DEO.C 

MEAT TO 

COOL 1 R 











T09HTR 

575.2 

DEG.C 

L /Ml H 


CALCULATED PARAMETERS 

VIBRATION 



REflOT E CALCULATE OHS 

T 1 0 HTR 

498.3 

DEO.C 

MOCIR 

A . A | 

1 




VX1HOR 0.2 

CM/S 


PWROUT 

686. WATTS 

T11MTR 

399.2 

DEO.C 

TUIHCL 

33 6 

DEO C 

2 

OCOOL R 

2997 . 

WATTS 

VY1VER 2.6 

CM/S 


INDTWR 

789. WATTS 

T12HTR 

380.8 

DEG.C 

T 01 Cl 

9 82 

01 G C 

3 

ODSMPT 

928 . 

WATTS 




PI5TST 

2.36 CM 

T WOC L R 

A2 A 6 

DIO C 

A 







OISPST 

2 23 CM 







6 

T AVMTR 

699 . 9 

DEO.C 






T 1 3RCO 

339 . 7 

DEO.C 




6 

1 N I E f F 

19 2 

X 






T16RC0 

306.2 

DEG.C 




A 

AMPS 

l A68 . 

AMPS 






T 15REO 

587 9 

DEO.C 




9 

QDI 6PO 

A . 

WATTS 






T 16RCO 

351 . 9 

DEO.C 




1 0 

QOISP 

13 

WATTS 






T 1 7R | G 

34 3.2 

DEG.C 




1 1 

QREOl 

97 . 

WATTS 






T18REG 

344.2 

DEO.C 




12 

QRE02 

11 A 

WATTS 






T19REO 

244.7 

DIO C 




1 3 

QRIG3 

32 

WATTS 


















T03HEO 

329.9 

DEO.C 


25 



TABLE IV. - Continued. 


(V) READING 199 


SCRIES 

« r t u i D hydrogen 

6AR0M 14 . 361 

ril 




H t A 1 TO 

noop 

DASHTOT COOLING 
2 90 L/MIn 

POWER IN 


ENOINE CHARGE 
PRESUP 

PRESSURE 
6404. KPA 

TW1NDP 
JDl DP 
TWODPR 

?! S DC G C 
A AS DEC. C 
23 9 DEG C 

VOLTO 3.36 

VOL TS 

MEANBP 

hEANCP 

6972. 

6996. 

KPA 

KPA 


H t A t TO COOLER 



CALCULATED PAHAHEIERS 

VIBRATION 


HOClR s s 6 

L/MIN 

1 




VX1H0R 0.2 

CM/S 

TUINCL 33 s 

or g c 

2 

QCOOIR 

3 0 A S . 

WATTS 

V Y 1 V t R 2 . 7 

CM/S 

T Dl C l 9 BA 

Dir, c 

3 

QDSur T 

9 3 A . 

WATTS 



TwOClR A? S 9 

DIG C 

S 








s 

T AVHTR 

S 9 9 6 

OEG.C 





6 

iNiirr 

18 9 

X 





B 

AMPS 

1 A A 9 , 

AMPS 





9 

QDI SPG 

A 

WATTS 





1 0 

GDI SP 

1 3 

WATTS 





1 1 

ORE G 1 

9 A 

WATTS 





12 

0 R E r, 2 

1 IS . 

WATTS 





1 3 

0RCG3 

32 

WATTS 




GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

TGEXP 

32 9. 7 

DEG . C 

TO 1HTR 

557.7 

DEO C 




T02NTR 

600 3 

DEO.C 

TGREGM 

52 S . 3 

DEG.C 

T03MTR 

390.6 

DEG.C 

TGREGC 

108.9 

DEG.C 

TOAHTR 

612. 7 

DEG.C 

TGCOMP 

62.8 

DEG.C 

T05MTR 

554.2 

DEG.C 

TGBOUN 

42.2 

DEG.C 

T06MTR 

386 9 

OEG.C 




TO 7HTR 

3 9 A 9 

DEO.C 




T08MTR 

613 3 

DEO.C 




T09MTR 

3 7 A . 8 

DEG.C 

REMOTE CALCULATIONS 

T 10HTR 

6 9 7.8 

DEO.C 

PU'POUT 

6 A 1 . 

WATTS 

T11HTR 

398 1 

DEG.C 

INDPUR 

7 39. 

WATTS 

T 12NTR 

360.6 

DEG.C 

PISTST 

2.49 

CM 




DISP5T 

2 2A 

CM 







T 1 3REO 

340.2 

DEG.C 




MAREO 

306 .6 

DEO.C 




I 1 3RfO 

367 .8 

DEO.C 




T 1 A REG 

332 3 

DEO.C 




T 1 7REG 

36 3.1 

DEO C 




T 16REO 

344 . 9 

DC 0 C 




T19REO 

244 . 7 

DEO.C 




T03HED 

321 . 1 

DIO C 


(U> READINO 36? 


STR1CS • FLUID MYDROOCN 

6AR0M 

1A ISO 

P3I 









HI AT TO DASHPQT 

COOL INQ 


POWER 

IN 


ENOINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

HODP 3 13 

L /MI N 


AMP SI 

817 . 

AMPS 

PRESUP 

6626 . 

KPA 

TOEXP 

541 . 1 DEO.C 







AMT 52 

132 

AMPS 






T02HTR 

384 . 3 

DEO.C 

twin dp is. 6 

DEO C 


VOl TO 

2 . 26 

VOLTS 

MEANBP 

6974 . 

KPA 

TGREGM 

S 1 6 . 3 DEG.C 

T03HTR 

361 . 9 

DEO.C 

T DL DP 1 .64 

DIO C 





NEANCP 

7019. 

KPA 

TGREGC 

93.3 DEO.C 

T04HTR 

386 . 1 

DEO.C 

tWODPR 20 2 

DCG C 








TGCOMP 

39.3 DEO.C 

T OSH TR 

331.4 

DEO.C 










TGBOUN 

37 3 DEO.C 

TOAHTR 

583.9 

DEO.C 












T07MTR 

371 a 

DEO.C 












T08HTR 

476.6 

DEO.C 












T09MTR 

348.0 

DEO.C 

Hi A T TO COOLER 



CALCULATED PARAMETERS 

vibration 



REMOTE CALCULATIONS 

T10HTR 

462.3 

DEO.C 

t l OCl R 363 

I/MIN 

l 

PUR I N 

2193 

WATTS 

VX1 MOR 0 . 1 

CM/S 


PWROUT 

287. UATTS 

T 1 1 HTR 

374.7 

DEO.C 

TUINCL 216 

DEG C 

2 

QCOOIR 

1 A 7 8 

WATTS 

VY1VER 1 . A 

CM/S 


INDPUR 

324. WATTS 

T12HTR 

379.2 

DEO.C 

TDLCl 5 82 

DEO C 

3 

QDSHPT 

363 

WATTS 




PISTST 

1.21 CM 




TWOCIR 26 . B 2 

DEO C 

A 

EXTEFF 

13.1 

X 




DISPST 

1.14 CM 






3 

T AVHTR 

391 0 

DEO.C 






T13REO 

326. 1 

DEO.C 



6 

IN! EFT 

16.3 

X 






T14REO 

493.1 

DEO.C 



6 

AMP} 

970 . 

AMPS 






T13REO 

384 . 9 

DEO.C 



9 

QDI SPG 

A . 

UATTS 






T16REO 

370.7 

DEO.C 



1 0 

OD! SP 

1 A 

WAT TS 






T 1 7R EG 

941.6 

DEO.C 



2 I 

QREG1 

1 02 . 

WATTS 






T16KEG 

367 . 6 

DEO.C 



12 

QREG2 

102. 

UATTS 






T19REO 

240.9 

DEO.C 



1 3 

QREG3 

33 . 

WATTS 




















T03HED 

334 . 9 

DEO.C 


(X) READINO 363 


SERIES • FLUID HYDROGEN 6 AROri 14 133 P3I 

H l A 1 JO D43MPOT COOUNO POWER IN ENGINE CHAROE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 


F l OOP 

3 03 

l / M 1 N 

AMPS 1 
AMPS? 

882 . 

2 0 A 

AMPS 

AMPS 

PRESUP 

TWINDP 
I Dl DP 
TWODPR 

10 4 
1 00 
70 5 

oeo c 

DIG C 
DIG C 

VOl 10 

2 33 

VOLTS 

ME AN BP 
MCANCP 


Ml A T TO 

COOL ER 




CALCULATED PARAMETERS 

VIBRATION 

t LOCLR 

1 

72 

l /MIN 

1 

PWR IN 

2 749 . 

WATTS 

VX1H0R 0 

TUINCL 

21 

4 

Dl G 

C 

•» 

QCOOIR 

1 666. 

WATTS 

VY1VER 1 

TIM Cl 

6 

AS 

DIG 

C 

3 

QDS»'P T 

631 

WATTS 


T WOC L R 

27 

14 

Dl G 

c 

* 

EXT IFF 

13 6 

X 







3 

1 AVHTR 

391.4 

DEG.C 







6 

INTI F F 

18 1 

X 







6 

AMP 3 

1 086 . 

AMPS 







9 

QOI 3PO 

A . 

UATTS 







10 

QDISP 

14 

WATTS 







1 1 

QRl G1 

101 

WATTS 







12 

QRFC2 

103 

WATTS 







1 3 

QREG3 

33 

WATTS 



6B A 0 . 

KPA 

TGEXP 

54 3 4 

DEG.C 

T02HTR 

394 9 

DEO.C 

6985 

KPA 

TGREOH 

313.4 

DEO.C 

T03NTR 

566.7 

DEO.C 

702 1 . 

KPA 

TGREGC 

93 . S 

DEO.C 

TOAHTR 

394.3 

DEO.C 



TGCOMP 

A 1 . 0 

DEO. C 

TOSHTR 

SS4 . 3 

DEO.C 



TGDOUN 

37 0 

DEO.C 

TOAHTR 

589 3 

DEO.C 






T07HTR 

368.3 

DEO.C 






TOSHTR 

400 0 

DEO.C 






T09MTR 

337 . 1 

DEO.C 



REMOTE CALCULATIONS 

TIOMTR 

477 . 4 

DEO.C 

CM/S 


PURCUT 

370 . 

WATTS 

T 1 1 HTR 

380.0 

DEO.C 

CM/S 


INDPUR 

621 . 

WAITS 

T12MTR 

S6S.2 

DEO.C 



PISTST 

1 .43 

CM 






DISPST 

1 .27 

CM 

T 1 3RCO 

331.3 

DEG.C 






tiareg 

493.4 

OEG.C 






T13REO 

384 . 3 

DEO.C 






tureo 

372.4 

DEO.C 






T 1 7REG 

937.4 

DEO.C 






T18REG 

363.6 

DEO.C 






T19REC 

241.1 

DEO.C 






T03HED 

320.8 

OEO. C 


^6 



table IV. - Continued. 


(Y) READING 38* 


SIRIES • FLUID HYOROOCN 8 A ROM I*. 185 PSI 


H f A T tO 

DA5MP0T 

COOLING 


POWER 

IN 


ENGINE CHARGE 

: PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

r l opp 

5 06 

L/MIN 


AMr51 

413 . 

AMPS 

FRESUP 

6884. KPA 

TGEXP 

348.3 

DEO.C 








AMPS2 

724. 

AMPS 






T 02M TR 

EDO. 1 

DEG.C 

tUJHDf 

18.4 

DfG.C 


VOL TO 

2.67 

VOLTS 

ME AN BP 

6961. KPA 

T GRECH 

372.8 

DEG.C 

T03MTR 

5*6.6 

DEG.C 

t m pr 

1 93 

DtG C 





meancp 

6441. KPA 

TGREGC 

93.1 

DEO.C 

T04HTR 

600. * 

DEO.C 

t ulOpPR 

70 A 

DIG. C 







TGCOMP 

43.6 

DEO.C 

T OSH T R 

560.6 

DEO.C 










TGBOUN 

37.0 

DEO.C 

T06HTR 

5*5.6 

DEO.C 













T07MTR 

5*6 . 5 

DEO.C 













T08HTR 

606.2 

DEO.C 













T09MTR 

560 * 

DEO.C 

MCAT TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 


REMOTE CALCULATIONS 

T10MTR 

607.0 

DEO.C 

rioci* 

3 43 

1/MlN 

1 

pur i n 

3037 

WATTS 

VX1HOR 0 . 1 

CM/S 

PWROUT 

424. 

WATTS 

T 1 1 NT R 

506.5 

DEO.C 

TWlNCl 

21 4 

DEG C 

2 

QC001R 

1810 . 

WATTS 

VY1VER IB 

CM/S 

I N DP WR 

406 . 

WATTS 

T12MTR 

50*. 6 

DEO.C 

t Dl Cl 

7 18 

DEO C 

3 

QD3MPT 

474 . 

WATTS 



PISTST 

1.61 

CM 




TUOCi * 

78.03 

DEG C 

4 

E X T f F F 

13 4 

X 



DISPST 

1 . 38 

CM 







3 

T AVMTR 

547 I 

OEO.C 






T13REO 

5 57 5 

DEO.C 




4 

INTCFF 

14 0 

X 






T14RE0 

501.7 

DEO.C 




8 

AP1P 3 

1144 

AMPS 






T13REO 

5*1.2 

DEG.C 




4 

QDI5PG 

4 . 

WATTS 






T14REO 

576.5 

DEO.C 




10 

0DI3P 

14 . 

WATTS 






T17REO 

*55 . * 

DEO.C 




1 1 

0RCG1 

10? . 

WATTS 






T18RE0 

572. » 

DEO.C 




17 

0RCG2 

104 . 

WATTS 






T19RCO 

266 * 

DEO.C 




13 

0REG3 

33 . 

WAITS 






T03HED 

52*. 5 

DEO.C 








(Z) READINO 383 







STRIES 

• FI 

UID HYOROOCN 

BAROM 

14.153 

* PSI 









MfAt 10 

DA5MP0T 

coot I NO 


POWER 

IN 


ENGINE CHARGE 

: PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

1 1 OOP 

5 04 

I/MIN 


AMPS 1 

444 . 

AMPS 

PRESUP 

6877. KPA 

TGEXP 

346.6 

DEG.C 








AMP 32 

265 . 

AMPS 






T02MTR 

399.9 

DEO.C 

TUJHDP 

18 6 

DEG C 


VOL TO 

7.83 

VULTS 

MEANBP 

6445. KPA 

TGREGH 

324.3 

DEO.C 

T03HTR 

393.0 

DEO.C 

i m op 

2 03 

DEG C 





MEANCP 

6975. KPA 

TGREGC 

96.8 

OEO.C 

T04MTR 

401 . 0 

DEO.C 

twodpr 

20 4 

DEG.C 







TGCOMP 

46.7 

DEG.C 

T05HTR 

339.0 

DEO.C 










TGBOUN 

36.8 

DEG.C 

T06HTR 

397.0 

OEO.C 













T07MTR 

384. 3 

DEO. C 













T08HTR 

608.3 

DEO.C 













T09MTR 

539.8 

DEO.C 

HCAT TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 


REMOTE CALCULATIONS 

T10HTR 

692.3 

DEO.C 

M.OCI t 

3 70 

i/hin 

1 

PWRIN 

3431 

WATTS 

VX1HOR 0.7 

CM/S 

PWROUT 

494 . 

WATTS 

TUHTR 

388.6 

DEO.C 

IWINCL 

21 3 

DEO C 

7 

QCOOLR 

7048 . 

WATTS 

VY1 VER 7. 1 

CM/S 

1NDPWR 

363. 

WATTS 

T12HTR 

388.8 

DEO.C 

TOLCl 

7 17 

DEO C 

3 

QDSHPT 

773. 

WATTS 



PISTST 

1 .82 

CM 




TWOCIR 

78 *3 

OEO.C 

4 

EXTEFF 

14.4 

X 



DISPST 

1.48 

CM 







3 

T AVMTR 

347 8 

DEO.C 






T13REO 

336. S 

DEO.C 




6 

INTEFF 

14.4 

X 






T14RE0 

301.0 

DEO.C 




8 

AMPS 

1713. 

AMPS 






T1SREO 

391.5 

DEO.C 




1 

ODI SPG 

4 

WATTS 






T16REG 

374.0 

DEO.C 




10 

QD15P 

14 . 

WATTS 






T17REO 

931.2 

DEO.C 




1 1 

OR E C 1 

1 07. 

WATTS 






T18RE0 

374.4 

DEO.C 




12 

QREG2 

103. 

WATTS 






T19REO 

249.0 

DEO.C 




1 3 

OREG3 

33. 

WATTS 






T03HED 

337.0 

DEO.C 








(AA) READINO 386 







series 

• el 

UID HYDROOEN 

BAROM 

14.133 

» PSI 









HEAT TO 

DA3HP0T 

COOL INO 


POWER 

IN 


CNOINE CHARGE 

: PRESSURE 

GAS TEMPERATURES 

SURFACe 

TEMPERATURES 

r tODf 

3 04 

l /Ml N 


AMP S 1 

467 . 

AMPS 

PRESUP 

6866. KPA 

TGEXP 

343.9 

OEO.C 








AMPS2 

304 . 

AMPS 






T02HTR 

600. S 

DEO.C 

T W t HOP 

18 4 

DEO C 


VOL TO 

7.46 

VOLTS 

MEANBP 

6936. KPA 

TGREOH 

319.9 

DEO.C 

T03HTR 

394.8 

DEO.C 

TOl DP 

7 12 

DEO C 





MEANCP 

6957. KPA 

TGREGC 

99.0 

DEO.C 

T04HTR 

399.3 

DEO.C 

TWODPR 

70 7 

DEO C 







TGCOMP 

30.3 

DEO.C 

T03MTR 

338.3 

DEO.C 










TGBOUN 

37.1 

DEO.C 

T06HTR 

594.2 

DEO.C 













T07MTR 

387.4 

DEO.C 













T OSH TR 

403.7 

DEO.C 













T09HTR 

337.3 

DEO.C 

HFAT TO 

COOL ER 



calculated parameters 

VIBRATION 


REMOTE CALCULATIONS 

T 1 0 NT R 

495.4 

DEO.C 

MOClR 

3 73 

l /MIN 

1 

pwrin 

376 4 

WATTS 

VX1HOR 0.2 

CM/S 

PWROUT 

333. 

WAITS 

T11HTR 

386 . 1 

DEO.C 

TWINCl 

71 4 

DfG.C 

7 

QCOOIR 

7737 

WATTS 

VY 1 VER 2.2 

CM/S 

INDrUR 

623. 

WATTS 

T12HTR 

388.1 

DEO.C 

TOlCl 

8 70 

DEO C 

3 

QDSMP T 

746 

WATTS 



PISTST 

_ 00 

CM 




TWOCIR 

20 *4 

DEO C 

4 

t XTEFf 

14 1 

X 



DISPST 

‘ . 3* 

CM 







3 

T AVMTR 

347.0 

OEO.C 






Tl 3REO 

336 . 0 

DEO.C 




4 

I h i f . r r 

111 

X 






T14RE0 

501.0 

oeo. C 




8 

AMPS 

1777 

AMPS 






T15REG 

393.0 

DEO.C 




4 

OD! SPG 

4 . 

WATTS 






T16REO 

376.7 

DEO.C 




10 

ODISP 

14 

WATTS 






T17REO 

149.1 

DEO.C 




1 1 

ORE G1 

100. 

WATTS 






T18REQ 

373-8 

DEO.C 




17 

QREG2 

107 

WATTS 






U9RE0 

232.0 

DEO.C 




1 3 

QREG3 

33 . 

WATTS 






T03MED 

339. S 

DEO.C 
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TABLE IV. - Continued. 


< BB > READING 387 


imn t FLUID HYDROGEN 8AR0M u.uo P5I 


HCAT TO DA1MP0T COOL I HQ POWER IN 


f l OOF 

3 06 

L/niN 

AMPS1 
AMPS 2 

982 . 
337 

AMP 3 

AMPS 

TUI NOP 
T Pi Dr 
l WOOPR 

U 4 
2 54 
20 8 

Df G C 
DCG C 
DCO.C 

VOL TO 

3 13 

VOLTS 


AT TO 

COOL IR 




CALCULATED PARAMETERS 

U OCLR 

3 74 

l /MIN 

1 

I'WRIN 

4186 

WATTS 

TUJNCL 

71 4 

DC G 

C 

** 

*■ 

QCOOl R 

2328 

WATTS 

I Dl Cl 

9 7? 

Dl 0 

C 

3 

QDSMPT 

8 32 

WATTS 

T WOC l R 

34 43 

DC 0 

c 

4 

EXTEFF 

14.3 

\ 





3 

T AVHIR 

398 2 

DCO.C 





6 

INI EFF 

19 3 

X 





8 

AMPS 

1339 

AMPS 





4 

ODISPO 

4 

WATTS 





10 

QDISP 

14 

WATTS 





1 1 

QRCG1 

103. 

WATTS 





12 

ORE 02 

48 

WATTS 





1 3 

0REG3 

33. 

WATTS 


ENGINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

PRESUP 

6833. 

KP A 

TGEXP 

340.8 

DEG.C 

T02MTR 

S47 3 

DCO.C 

MEANBP 

6926 . 

KPA 

TGREGH 

527 . 9 

DEG.C 

T03HTR 

396 .4 

DEG.C 

MEANCP 

6 975. 

KPA 

TGPFGC 

97 1 

DEG.C 

T04HTR 

348.7 

DEG.C 



TGCOMP 

33 4 

DEG.C 

T03MTR 

336 . 1 

DEG.C 




TGBOUN 

37 . 3 

DEG.C 

T 0 6 M I R 

601.0 

OEO.C 







TO 7HTR 

384 . 1 

DEO.C 







T08MTR 

411.3 

OEO.C 







T04M1R 

353 1 

DEG.C 

VIBRATION 



REMOTE CALCULATIONS 

T 1 OMTR 

702 . 1 

DEO.C 

VXtHOR 0.2 

CM/S 


PUROUT 

606 . 

WATTS 

T 1 1MTR 

592 1 

DEG.C 

VY1VLR 2.3 

CM/5 


1NDPWR 

697 . 

WATTS 

T 12MTR 

384 . 3 

DEO.C 



PISTST 

2 21 

CM 







DISPST 

1 65 

CM 

T 1 3Rf 0 

333 4 

DCO.C 







T 14«E0 

498 3 

DEO.C 







T13REO 

388 . 3 

OEO.C 







T 16REO 

364 . 5 

DCO.C 







T 1 7REO 

946 4 

DEO.C 







TI8REG 

377.4 

DCO.C 







T 14REQ 

248.8 

DCO.C 







T03HED 

3(1 3 

DCO.C 


(CC) READING 3B8 


SFRieS 

1 fluid hvdrooen 

8AROM 

14 133 

PSI 




HEAT TO 

DA3MPOT 

COOL INO 

POWER 

IN 


ENGINE CHARGE 

PRESSURE 

FI OOP 

3 04 

l /MIN 

AMP 51 

444 . 

AMPS 

PRESUP 

6842. 

KPA 




AMP32 

405. 

AMPS 




TUTNDP 

18 3 

DEO C 

VOL TO 

3 27 

VOLTS 

MEANBP 

6921 . 

KPA 

T 01 DP 

2 4 3 

DCO.C 




MEANCP 

6 957 . 

KPA 

TWODPR 

21 • 

DEG.C 








MfAT TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 


FIOCIR 

5 76 

l /MIN 

1 

PUR I N 

4572 . 

WATTS 

VX1H0R 0.2 

CM/S 

TW1NCL 

216 

DEO.C 

2 

QCOOL R 

2781 . 

WATTS 

VY1VER 2.6 

CM/S 

TDlCL 

10 64 

DEO C 

3 

QDSMPT 

8 33 

U\TT5 



T WOC L R 

31.43 

DEO.C 

4 

EXTEFF 

14 5 

X 






5 

T AVHIR 

597 8 

DEO.C 






6 

INTEFF 

14.3 

X 






8 

AMPS 

1 394 

AMPS 






9 

QDI SPG 

4 . 

WATTS 






10 

QDISP 

14 . 

WATTS 






1 1 

QRf G1 

111. 

WATTS 






1 2 

QRLG2 

9? 

WATTS 






1 3 

QRE03 

33. 

WATTS 




GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

TGEXP 

S37 8 

DEO.C 

T02HTR 

542.8 

OEO.C 

TGREGH 

532.2 

DEO.C 

T03MTR 

344 . 7 

DEO.C 

TGRFGC 

101.6 

DEO.C 

T04HTR 

400 . 1 

DEO.C 

TGCOMP 

56 . 7 

DEO.C 

T03HTR 

330.4 

DEO.C 

TGBOUN 

37.4 

DEO.C 

T06HTR 

403 8 

DEO.C 




T07MTR 

3 74.8 

DEO.C 




T08HTR 

415.4 

DCO.C 




T04HTR 

534 . 3 

DEO.C 

REMOTE CALCULATIONS 

TIOMTR 

704.0 

DEO.C 

PWROUT 

664 . 

WATTS 

T 1 1 HTR 

547 . 1 

DEO.C 

INDPUR 

737 . 

WATTS 

T12HTR 

581 3 

DEO.C 

PISTST 

2 34 

CM 




DISPST 

1 - 74 

CM 

T13REO 

527.8 

DEO.C 




T 14RE0 

442. 1 

DCO.C 




T13RCO 

374.4 

DCO.C 




T16RE0 

371.2 

OEO.C 




T 1 7REO 

443.7 

DCO.C 




T 18REO 

378.5 

Deo.c 




T14RIO 

241.4 

DCO.C 




T03HED 

538.7 

DCO.C 


(DO) READINO 38* 


SCRIES • FLUID HYDROGEN BAROM 14 133 PSI 


H{ AT TO 

DA3MPOT 

COOL INO 


POWER 

IN 


ENGINE CHAROE PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

FI OOP 

5 . 03 

l /MIN 


AMP S 1 

1001 . 

AMPS 

PRESUP 

6827 . 

KPA 

TGEXP 

S34 . 9 

DEO.C 








AMPS 7 

433 

AMPS 







T02MTR 

591 .4 

DEO.C 

TWIMOP 

18 4 

DCG C 


VOL TO 

3 41 

VOLTS 

MEANBP 

6916 . 

KPA 

TGREGH 

332 7 

DEO.C 

T03NTR 

544.0 

DEO.C 

T 01 DP 

2 36 

DEO C 





MEANCP 

6966 . 

KPA 

TGRCGC 

108 0 

DEO.C 

T04MTR 

602.4 

DEO.C 

TWODPR 

21 0 

DIG C 








TGCOMP 

60 . 3 

DEO.C 

T03HTR 

547.8 

DEO.C 











TGBOUN 

38.4 

DEO.C 

T06HTR 

604 . 3 

DEO.C 














T07HTR 

574.8 

DEO.C 














T08HTR 

418.3 

DEO.C 














T09HTR 

558.1 

DEO.C 

H f A T TO 

COOLER 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

707.4 

DEO.C 

FIOCIR 

5.73 

l/MIN 

1 

TURIN 

4962 . 

WATTS 

VX1H0R 0.2 

CM/S 


PUROUT 

4 7 4 . 

WATTS 

T 1 1 HTR 

599.8 

DEO.C 

twincl 

71 4 

DEG C 

2 

QCOOL R 

2991 . 

WATTS 

VT1VER 2.8 

CM/S 


INDPUR 

f' 4 

WATTS 

T12HTR 

574.4 

DEO.C 

T 01 CL 

1 1 34 

Df 0 C 

3 

QDSMPT 

899 

WATTS 




PISTST 

„ 60 

;m 




T WOC l R 

37 2 7 

DEG C 

4 

EXTEFF 

13 6 

X 




Dl Si ’ T 

* . 79 

CM 







3 

T AVHIR 

398 . 4 

DEG.C 







T13REO 

524 . 4 

DEO.C 




6 

INTEFF 

16 4 

X 







T14RE0 

488 . 4 

DEO.C 




8 

AMPS 

1456 

AMPS 







T13RCO 

374 . 1 

DCO.C 




4 

QDISPO 

4 . 

WATTS 







T16REO 

378.8 

DEO.C 




10 

QDISP 

1 3 

WATTS 







T17REO 

441 . 0 

DEO.C 




1 1 

QRCOl 

111. 

WATTS 







T16RC0 

374 . 7 

DEO.C 




17 

QREG2 

91 . 

WATTS 







T14REO 

234.4 

DCO.C 




1 3 

QRE03 

33. 

WATTS 











T03HED 331.2 DEO C 
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TABLE IV. - Continued. 


( EE > READING 390 


MR1CS • flUlD HYDROGEN BAROM 14.135 PSI 


M f A T TQ 

OASMPOT 

COOl INO 


POUER 

IN 


ENGINE CHAROE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

* l OOP 

3 . 09 

1/M1N 


AMPS 1 

1013 

AMPS 

PRESUP 

6739. 

KPA 

TGEXP 

531.9 

DEG.C 








AMP S 2 

331 . 

AMPS 







T 02M T R 

399 . 9 

DEO.C 

T W I NDP 

IB 3 

oro.c 


VOL TO 

3 . 60 

VOLTS 

ME AN BP 

6918. 

KPA 

TGREGH 

333.2 

DEG. C 

T03MTR 

396 . 1 

DEG.C 

mi dp 

2 60 

DIG C 





MEANCP 

6993. 

KPA 

TGREGC 

119.0 

DEG.C 

T09HTR 

606 . 3 

DEG.C 

tu'ODPR 

21 2 

DEG C 








TGCOMP 

65.6 

DEG.C 

T OSH T R 

398 . 6 

DEG.C 











TGBOUM 

38.6 

DEO.C 

T06H1R 

606 . 3 

DEO C 














T07MTR 

382 7 

DEG.C 














T08MTR 

621 9 

DEG.C 














T 0911 T R 

361 . 1 

DEG.C 

MEAT ?0 

COOl m 



calculated parameters 

VIBRATION 



REMOTE CALCULATIONS 

T 10MTR 

719.9 

DEO.C 

riocii 

3 TO 

l/min 

1 

PUR IN 

3360 

WATTS 

VX1HOR 0.2 

CM/S 


PUROUT 

719. 

UATT3 

T 1 1 M T R 

403.8 

DEG.C 

TW1NCL 

71 7 

DIG. C 

2 

QCOOl R 

3327 . 

WATTS 

VY1VER 3.0 

CM/S 


INDPWR 

875. 

WATTS 

T12HTR 

380.3 

DEG.C 

TDl Cl 

17 9 J 

DfO C 

3 

ODSHPT 

910 . 

WATTS 




PISTST 

2 78 

CM 




I WOC l R 

33 03 

OlO.C 

9 

f XICFF 

17.8 

X 




DisrsT 

1 92 

CM 







3 

1 AVMTR 

6013 

DEO.C 







T 1 3RFO 

324.9 

DEO.C 




6 

INUFF 

17.7 

X 







T 19RE0 

489 . 0 

DEO.C 




a 

AMPS 

1393 

AMPS 







T 15REO 

378 9 

DEG.C 




9 

QOISPO 

9 . 

WATTS 







T URIC 

383.4 

DEG.C 




10 

QDISP 

13. 

WATTS 







T 1 7 R 1 0 

937 . 9 

DEO.C 




1 1 

OR EG l 

10a . 

WATTS 







I18RE0 

377 . 1 

DEG.C 




12 

0RFG2 

91 . 

WATTS 







T 19RLO 

244.1 

DEO.C 




1 3 

0RLG3 

32 . 

WATTS 







T03MED 

324.4 

DEO.C 


<FF> READING 391 


SCRIES • FLUID MYDROOEN BAROM 19.133 PSI 


MEAT TO 

OASMPOT 

COOL INO 


POWER 

IN 


ENOINE CHARGE 

PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

FI OOP 

3 04 

l /MIN 


AMP S 1 

1016 . 

AMPS 

PRESUP 

6669. 

KPA 

TGEXP 

330.3 1 

DEO.C 








AMP32 

387 . 

AMPS 







T02HTR 

594.1 

DEO.C 

TWINOP 

18 5 

DEO C 


VOL T G 

3.74 

VOLTS 

HEANBP 

6918. 

KPA 

TOREGH 

331 3 

DEO.C 

T83MTR 

S 94 9 

DEO.C 

T Dl DP 

2 7 1 

DEG.C 





MEANCP 

6966 . 

KPA 

TGREGC 

116.0 

DEG.C 

T04HTR 

606 . 1 

DEO.C 

TwODPR 

21 7 

DEO.C 








TGCOMP 

69.0 

DEO.C 

T OSH TR 

545.4 

DEO.C 











TOBOUN 

39.0 

DEO.C 

T06HTR 

405.0 

DEO.C 














T 0 7 It T ft 

382.4 

DEO.C 














TOBMTft 

421.3 

DEO.C 














T09HTS 

S5« 8 

DEO.C 

MCA? TO 

cooi tn 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

TIOHTft 

717.3 

DEO.C 

Fl OUR 

3 7 4 

l/MJN 

1 

PWRIH 

3998. 

WATTS 

VX1H0R 0.2 

CM/S 


PUROUT 

707 . 

WATTS 

TllHTft 

403.1 

DEO.C 

TUlNCl 

2 1 7 

DEO C 

2 

OCOOIR 

3340 . 

WATTS 

VYIVER 5.2 

CM/S 


INDPWR 

907 . 

WATTS 

T 12HTft 

578. 4 

DEO.C 

tDlCl 

13 42 

DfG C 

3 

ODSHPT 

956 . 

WATTS 




PISTST 

2.97 

CM 




T WOC L R 

34 4 8 

DEG.C 

4 

EXTEFf 

118 

X 




DISPST 

1.98 

CM 







3 

T AVHTR 

400 7 

DEO.C 







T13«EO 

323. 1 

DEO.C 




6 

ihteff 

16 6 

X 







T14REG 

487.5 

DEO.C 




8 

AMPS 

1603. 

AMPS 







T15RCO 

378.2 

DEO.C 




9 

QOISPO 

4 . 

WATTS 







T16REO 

383.8 

DEO.C 




10 

QDISP 

1 3 . 

WATTS 







T17REG 

933.5 

DEO.C 




1 1 

QRCGI 

107. 

WATTS 







T1BREO 

374 . 3 

DEO.C 




12 

QREG2 

90 . 

WATTS 







T19REG 

244.8 

DEO.C 




1 3 

QREG3 

32. 

WATTS 







T03HED 

317.4 

DEO.C 


(GG) READING 907 


SERIES • FLUID HYDROGEN BAROM 19.209 PSI 


HEAT TO 

OASMPOT 

COOl INO 


POWER 

IN 


ENGINE CHAROE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

temperatures 

F l OOP 

4 84 

l/MIM 


AMP 3 l 

851 . 

AMPS 

PRESUP 

6761 . 

KPA 

TGEXP 56 1 . 2 DEG.C 

T01HTR 

404 . 1 

DEO.C 





AMP32 

396 . 

AMPS 






T02HTR 

403.2 

DEO.C 

TWINOP 

23 3 

oro.c 


VOL TO 

2 88 

VOLTS 

MEANBP 

6978. 

KPA 

TGREGH 

554.2 DEO.C 




T Dl DP 

1 24 

DEO.C 





MEANCP 

7023. 

KPA 

TGREGC 

112.3 DEO.C 

T04HTR 

406.4 

DEO.C 

TWODPR 

24 7 

DEO.C 








TGCOMP 

33.0 DEO.C 

T0SMTR 

398.2 

DEO.C 











TGBOUN 

33.2 DEO.C 

T04HTR 

417 0 

DEG.C 













T07HTR 

401.4 

DEO.C 













T08HTR 

400. 1 

DEO.C 













T09HTR 

588 3 

OEO.C 

NP A T TO 

cooi et 



CAICULATFD PARAMETERS 

VIBRATION 



REMOTE CA 

«. 1 i’L AT IONS 

T10MTR 

595.0 

DEO.C 

FI OCIR 

3 .04 

l/MIM 

l 

PWRIN 

3390 

WATTS 

VX1HOR 0.1 

CM/S 


PUROUT 

h6. vaTTS 

T 1 1 NT R 

387.2 

DEO.C 

T W 1 NCI 

52 2 

DfO C 

i 

OCOOIR 

2 323. 

WATTS 

VYIVER 1.9 

CM/S 


1ND' l « 

'79. WmTTS 

T12MTR 

394.7 

DEO.C 

TDlCl 

4 46 

DEO.C 

3 

ODSHPT 

4 16 

WATTS 




PISTiT 

173 CM 




TWOCI R 

38 44 

DEO C 

4 

f x! trr 

9 7 

t 




DISPST 

1.30 CM 







3 

1 AVMTR 

399 2 

DEO.C 






T 1 3REO 

530.9 

DEO.C 




4 

INUFF 

13.0 

X 






T14RE0 

482 - 9 

DEO.C 




8 

AMPS 

1 24 7 . 

AMPS 






T 13REG 

349.8 

DEO.C 




9 

QOISPO 

4 . 

WATTS 






T16REG 

373 4 

DEO.C 




10 

QDISP 

14 . 

WATTS 






T 17REG 

401 - 4 

OEO.C 




1 1 

QRCGI 

83 

WATTS 






T 18REG 

349.4 

DEO.C 




12 

QRCG2 

108 . 

WATTS 






T19REG 

244.8 

DEO.C 


13 QREG3 39. WAITS 


29 



TABLE IV. - Continued. 


( MH ) READING 40ft 


SfRIfS • FLUID HYDROOEN ft AROM 14.204 PSI 


AT TO 

OASHFO T 

COOL JNG 

POWER 

IN 


ENOINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

TEMPERATURES 

r i odp 

4 0 ? 

L/niN 

AMP S 1 

ASS 

AMPS 

PRESUP 

6 7 71 . 

KPA 

TGEXP 

556.0 DEO. C 

T01NTR 

404.6 

DEO.C 




AMPS2 

445 

AMPS 






T02HTR 

605.9 

DEG . C 

TUINOP 

23 s 

DEG. C 

VOL TO 

5 10 

WOE TS 

MFAN0P 

6 90 5 . 

KPA 

TCREGH 

S52 .1 DEO C 




TDl OF 

1 4? 

DEO C 




MEANCP 

7055. 

KPA 

TGREGC 

IIS 6 DEG C 

T04HTR 

60S 9 

DEO.C 

TWOOPR 

?3 1 

DEO C 







TGCOMP 

S7 . 7 DEO. C 

TOSHTR 

600 . 1 

DEO.C 










TG60UN 

55 ft DEO C 

T 04HTR 

414.4 

DEO.C 












T07HIR 

405 5 

DEO.C 












TO0HTR 

S9ft . 2 

DEO.C 












TOSHTR 

588 5 

DEO.C 

A T TO 

COOLER 


CALCULATED PARAMETERS 

VIBRATION 



REnOie CAICULAUONS 

T10HTR 

594.0 

DEO.C 

fl OCLR 

S 04 

l /MIN 

1 PWRIN 

4105 

WATTS 

VX1H0R 0 . 1 

CM/S 


PWROUT 

SIS. WATTS 

T11MTR 

504 . 0 

DEO.C 

tWlNCl 

i? s 

DEO C 

2 QCOOLR 

2624 

WATTS 

VY1VER 2.2 

CM/S 


INCPWR 

S56 . WATTS 

T12HTR 

594.0 

DEO.C 

TDl Cl 

? so 

or o c 

5 ODSMPT 

3 4 2 

WATTS 




PISTST 

1.94 CM 




tU'DCLR 

39 22 

DEO C 

4 EXTffF 

1 2 5 

\ 




DISPST 

1.62 CM 







S TAVHIR 

399 4 

oro. c 






T 1 5REO 

529.0 

DEO.C 




4 IN? 1 ft 

14 4 

x 






T 14REO 

402 . 3 

DEO.C 




0 AMP S 

1 540. 

AMPS 






T15REO 

570 . 9 

DEO.C 




4 0 D I SPG 

4 . 

WATTS 






T 1 6 R f 0 

575.9 

DEO.C 




10 QD1SP 

14 

WATTS 






T 1 7REO 

403.0 

DEO.C 




11 QRCG1 

A? 

WATTS 






T lftREO 

351 . 7 

DEO.C 




l? ORE 02 

104 . 

WATTS 






T 14REG 

230.3 

DEO.C 




15 OR E 0 5 

54 

WATTS 










(II) READINO 409 


SERIFS • FLUID MYDROOEN 8AROM 14.204 PSI 


HEAT TO 

DASMPOT 

COOL 1 N 0 

POWER 

IN 


r lodp 

4 ft? 

l/MIN 

AMPS 1 
AMPS? 

AS? . 
426 

AMPS 

AMPS 

TWINDP 

I Dl DP 
TWODPR 

? 3 5 

1 09 

2 5 3 

DEO C 
DEO C 
DEG C 

VOL TO 

3.41 

VOLTS 


HEAT TO 

COOL ER 



CALCULATED PARAMETERS 

FLOCLR 

5 07 

L/MIN 

1 

PWRIN 

5046 

WATTS 

TUINCL 

32 3 

DEG C 

2 

QCOOLR 

290 4 . 

WATTS 

TDl Cl 

ft SI 

DEO C 

3 

QDSMPT 

634 . 

WATTS 

TWOCLR 

40 17 

DEO C 

4 

EXTEFF 

14 4 

X 




5 

T AVMTR 

599 9 

DEO.C 




6 

INTEFF 

19 5 

X 




a 

AMPS 

147* 

AMPS 




9 

QD 1 SPG 

4 . 

WATTS 




1 0 

QD1 SP 

14 

WATTS 




1 1 

QREG1 

SI 

WATTS 




12 

QREG2 

103 

WATTS 




1 3 

QREG3 

33. 

WATTS 


ENOINE CHARGE PRESSURE GAS TEMPERATURES 


PRESUP 

6700 . 

KPA 

TOEXP 

SS2 . ft DEG.C 

MEAN0P 

MEANCP 

6996 . 
7037 . 

KPA 

KPA 

TGRCGH 

TGREGC 

TGCOMP 

TGBOUN 

351.0 DEO.C 
119.4 DEO.C 
62.4 DEO.C 
36. ft DEO.C 

VIBRATION 
VX1HOR 0 . 1 
VY1VER 2.5 

CM/S 

CM/S 


REMOTE CALCULATIONS 
PWROUT 725. WATTS 
IHDPWR 693. WATTS 
PISTST 2.24 CM 
DISPST 1.83 CM 


SURFACE 

TEMPERATURES 

T01HTR 

60S. 3 

DEO.C 

T02HTR 

403.3 

DEO.C 

T04HTR 

605.0 

DEO.C 

TOSHTR 

601.9 

DEO.C 

T06HTR 

419.1 

DEO.C 

T07HTR 

60S. 1 

DEO.C 

TOSHTR 

393.7 

DEO.C 

T09HTR 

500.3 

DEO.C 

T10HTR 

593.0 

DEO.C 

T1 1HTR 

304.4 

DEO.C 

T12NTR 

595. 0 

DEO.C 

T13REO 

327.0 

DEO.C 

T14REO 

400.3 

DEO.C 

T1SREO 

370.6 

DEO.C 

T lftREO 

375.1 

DEO.C 

T17REO 

404 . 3 

DEO.C 

T lftREO 

333.0 

DEO.C 

T19REO 

252.4 

oto.c 


( J J > READINO 411 


5ERIE3 

i fluid hydrooen 

BAROM 

14 .204 PSI 










Hf A 1 TO 

DASHTOT 

COOL INO 


POWER 

IN 


ENOINE CHARGE 

PRESSURE 

GAS TEMPERATURES 

SURFACE 

icftf m*Tu*u 

1 1 OOP 

4 81 

1 /MIN 


AMP S 1 

854 

AMPS 

PRESUP 

6805. 

KPA 

TOEXP 

530.2 

DEO.C 

I01HTR 

400.9 

DEO.C 





AMPS? 

714 . 

AMPS 







T02HTR 

404.4 

DEO.C 

IWINDP 

? 3 . 5 

DFO C 


VOL TO 

3 62 

VOLTS 

MEANBP 

7018. 

KPA 

TGREGH 

346 . 7 

DEO.C 




TDL DP 

1 90 

DC 0 C 





MEANCP 

7130 . 

KPA 

TGREGC 

124.9 

DEO.C 

T94HTR 

403.2 

DEO.C 

TWODPR 

25 5 

DIG C 








TGCOMP 

71 . 0 

DEO.C 

TOSHTR 

415 . 9 

DEO.C 











TGBOUN 

41 ft 

DEO.C 

T06HTR 

419.0 

DEO.C 














T07HTR 

407.2 

OCO.C 














TOftHTR 

391 . 9 

DEO.C 














T09HIR 

307. 3 

DEO.C 

Hf A T TO 

COOL tR 



CALCULATED PARAMETERS 

VIBRATION 



REMOTE CALCULATIONS 

T10HTR 

397.0 

DEO.C 

MOCLR 

3 12 

L/MIN 

i 

PWR I N 

56 7 7 

UAI TS 

VX1MOR 0 . 1 

CM/S 


PWROUT 

443. 

WATTS 

T11MTR 

300.0 

DEO.C 

TUIHCL 

32 4 

Df 0 . C 

2 

QCOOl R 

3651 

WATTS 

VY1VER 2.9 

CM/S 


1 N DP WR 

756 . 

WATTS 

T12HTR 

597.9 

DEO.C 

IDICl 

10 36 

Of 0 . C 

3 

QD5HP T 

66 1 

WATTS 




PISTST 

2 62 

CM 




TWOCLR 

42 14 

oro c 

4 

EXUFF 

7 8 

X 




DISPST 

1 . 90 

CM 







5 

T AVMTR 

600 . 3 

DEO.C 







T13RE0 

529.9 

DEO.C 




6 

INTff F 

1 0 9 

X 







T14REO 

402. 3 

DEO.C 




0 

AMPS 

1560 

AMPS 







T1SREO 

37S . 1 

DEO.C 




9 

Q D 1 % P G 

4 

WATTS 







T lftREO 

373.0 

DEO.C 




1 0 

on sp 

14 . 

WATTS 







T17REO 

404 . 9 

DEO.C 




1 1 

QRl G1 

00 

WATTS 







T lftREO 

330 9 

OCO.C 




1 ? 

QRf 02 

10 1. 

WATTS 







T19REO 

239.9 

OCO.C 




1 3 

QRl G 3 

33 . 

WATTS 
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TABLE IV. - Concluded 


(KK) READING 412 


StRItS • FlUlO HYDROGEN 

B k r on 

1 A ? 0 4 

PS I 









HEAT to DA)HP01 

COOl 1NO 


routR 

IN 


ENGINE CHARGE 

PRESSURE 

OAS TEMPERATURES 

SURFACE 

TEMPERATURES 

Moor a ao 

1/niN 


AMPS1 

854 

AMPS 

PRESUP 

4808 . 

KP A 

TGEXP 

551 . 7 DEO . C 

T01HTR 

409. X 

DEO.C 




AMrs? 

681 

AMPS 






T02MTR 

406 . X 

DtC.C 

TWlHDf ?X 4 

DfO C 


VOl TG 

X 55 

VOLTS 

ME ANDP 

7019. 

KP A 

TGREGH 

SA7 . 9 DEG C 




T Oi or ? o? 

DIO C 





Mt ANCP 

7112. 

KPA 

TGREGC 

1 2 X . A DEG. C 

TOAMTR 

405.8 

DEO C 

twodpR 2 5 7 

DEO C 








T GCOMP 

70. A DEO.C 

T05HTR 

404 X 

DEO.C 










TGBOUN 

42.9 DEO.C 

TOAMTR 

419.4 

DEO.C 












T07MTR 

408 4 

DEO C 












T08MTR 

594. 7 

DEO C 












TOAMTR 

584.4 

DEO.C 

MEAT TO COOlfR 



CAlCULATfD P AR AME T ERA 

VIBRATION 



REMOTE CALCULATIONS 

T10MTR 

547.5 

DEO.C 

MOClR 5 1? 

i /min 

1 

PWR1M 

54 5? 

WATTS 

VX1MOR 0.2 

CM/S 


TWROUT 

2XS . WATTS 

T 1 1MTR 

58X4 

DEO.C 

TUI MCI 1? A 

DfG C 

2 

OCOOLR 

X542 

WATTS 

VY1VER 2 . 7 

CM/S 


1NDPWR 

701. WATTS 

T12HTR 

544.0 

DEO.C 

TOlCl 4 44 

DEG C 

X 

QDSMPV 

47 X 

WATTS 




PISTST 

2.51 CM 




TWOCl R A \ . 41 

DIG.C 

A 

IXTEFF 

A X 

X 




D1SPST 

1 .85 CM 






X 

TAVHTR 

401 6 

DEO.C 






T1XRCO 

528 X 

DEO.C 



A 

INTEF F 

6 2 

X 






tiareo 

480 a 

DEO.C 



A 

AMPS 

15X7 

AMPS 






T15RE0 

X72. A 

DEO.C 



A 

gdispo 

A . 

WATTS 






TUREO 

X7X. 7 

DEO.C 



10 

0DJ5P 

1A . 

WATTS 






T17REO 

404 .0 

DEO.C 



u 

QREG1 

80 . 

WATTS 






TUREO 

X55.5 

DEO.C 



1? 

0REG2 

10? . 

WATTS 






TIAREO 

257.1 

DEO.C 



IX 

QRtGX 

XX 

WATTS 
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TABLE V. - RE-1000 ENGINE RUN DATA 


Date 9/20/79 

Pressure, kPa 7000 

Frequency, Hz 30.2 

PWROUT, W 1000 

Displacer phase, *C 47.6 

T19REG, C 260 

T18REG, "C 510 

T13REG, *C 540 

T03HED, \ 550 

T01HTR, *C 570 

T04HTR, *C 580 

T07HTR, *C 590 

T10HTR, *C 600 

Pressure phase, *C 25.9 

PWRIN, kW 4.19 

INDPWR, W 1100 

TGCOMP, *C 40 

DISTST, cm 2.32 

DISPST, cm 2.55 

Pressure amplitude, kPa 850 

EXTEFF, percent 27.4 
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POWER PISTON -v 


DISPLACER ROD ■ 
DISPLACER- 


Figure 2. - Component layout of RE-1000 Free Piston 
Stirling Engine. 


Figure 1. - RE-1000 Free Piston Stirling Engine in test cell, 









figure 7. - RE-1000 test sch*m*tic 










Flgur«8. - Instrunwrrtitfen loyout of RE-1000 
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Figure 9. - RE-1000 heater head thermocouple locations. 



Figure 10. - RE-1000 heater head. 
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Figure 11. - Metex knitted regenerator matrix. 
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•CM NASA 
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Figure 14. - Displacer rod mounting and communication ports. 



Figure 15. - Power piston. 
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Figure 16. - RE-1000 in test cell with pressure vessel removed. Figure 17. - Control room. 

























Compression specs 
pressure 



Figure 23. - Phaser diagram for RE-1000 data point taken at Sun power, 
Inc . before delivery to Lewis. 



Figure 24 - Phaser diagram for RE-1000 with displacer 2 and l3»-g regenerator. 



Figure 25. - Phasor diagram for RE-1000 with displacer 2 and 90-g regenerator 
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